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In accorduncB with section 6593 of the Revised Statutes of the 
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REPORT OP THE SECRETARY OF TEE 
SMITHSONIAN INSTITUTION 

C. G. ABBOT 


FOR TUE TEAR EKDED JUNE ao, mi 


To ihi Board of Reyents of the Smithooman Inetitation* 
G£Ntlem£x : I have tLa honor to submit herewith my repoit show¬ 
ing the activities and condition of the Sniithsoniim Institution and 
the GovHriimeiit bureaus under its administrative charge during the 
fiscal yeor ended Juno 30, 1941. The first 18 pages contain a eum- 
niary account of the afFaits of the Institution, and appendixes 1 to 11 
give more detailed reports of the operations of ih« Natiunal hluseum, 
the National Gallery of Art, the National Collection of Fine Aits, 
the Freer Gallery of Art, the Bureau of Anierlcan Etlinology, Uie 
International Exdinugea, Llie National Zoological Park, the Astro- 
physical Observatory, the Division of Rndiatloii and Organisms, the 
Smithsonian library, and of tho publicatione issued under the diiec- 
tion of die Institution. On page ISO is the financial report of die 
executive committee of the Tkiard of Regents. 


OUTSTAMJlNQ EVENTS _ 

Among the numerous bureiius and agencies in Washington, certain 
ones arc listed as dufKiiSe agencies, and the SmithHonian TnstUutioti 
was included during the year in dua list. Its vast collections are 
of great usefulnta^ in the identification and atudy of strategic ma¬ 
terials relating to national defence, such os rubber, tin, alumimiiR, 
mita, optlinl gloKS, abrasives, and many otJiera. Its staff indudea 
scientific experts and tcclmicians with outstanding experienoe in 
connection witli such materials, as well as laborateries and equipment 
for all sorts of dcHcate experimental work. The Smitlisonian has 
already been assigned a number of defense problems and stands 
ready to devote all its resource to such work a'liHti called upon. 

'ITie Natiunal Gallery of Art was completed and opened to the 
public in Morch IWI, bringing to fruition the lute Andrew W. 
Mellon’s gift to the Nation of his priceless art collection and a mag- 
nificient building to house it. 

The great hall of tile Smithsonikn Building was completely rt- 
deoorated, and in. it was installed a unique exhibit designed to 

1 
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illustrate concisely f«r viaitors all the activilies of the Institution 
and itfl brandies. Opened in Jimnory 1941, after a preview by the 
Board of BcgcntSi tlie new exhibit nrotuied widespread favorable 
coDunent 

Tlig Smithsonion rudio *^Th& World U Yout^^" on duos 

14, 194If put on tho iiJf AH a^dnive^rbiaTT broAdcHst itiarkin^ thi& com* 
pletion of 5 full yearK of the series, Labnlation of stHtion-maniiigeir 
ratings of the program showed that its popnlarily thmughout the 
country continued unabated. 

Among suvenil bequests to Uie Institution announced during the 
year, the largest wa» that from lirs. Ifury Vaux Walcott, widow of 
the late Secretary Charles D. Walcott. Her bctjuest amounted to 
mure thim $400,000. 

5few niejiibers on the Boarrl of Begents were Vice President Henry 
A. Wailaco, and Representative Foster Sienms, of New Ilonipahire. 

The revision of all solor-constant values collected by the Astro- 
physical Observatory from all Smithson lit n observing stations from 
1934 to the p^nt proved to be an even more treraendous task than 
had been anticipated. It was nearing com pletion, however, at the 
close of the year, and publkaliuu is expected to begin by the first 
part of 1942. 

M. W, Stirling made further ardieological discoveriea in southern 
Mexico, working in (Operation with the Nalionnl Googiaphie 
Society. Hr. Frank H. IL Boberla, Jr., conducted hia sixth and 
final archeological expedition to the Lmdcnmder site in northern 
Colorado, his work liaving added gniatly to our knowdedge of 
FoLsom jimn and tlie whole Kubject of the early occupation of 
America* 

The work of the International Fschangc Service wiis seriously 
hauipered by world conditions, but the scientific and otlisr publica- 
tions intended for foreign exchange that cannot now be sent are 
bemg stored at the Institution until the end of hostilities. 


sumwaky of THB TRVE'S activities of the bba-nciies of 
tub INSTITtmON 

Jfiiwim.—Appmpriatioiis for the maintenonoa and 
oi»ratinn of the Museum daring the fiscal year araounteij to $818^105. 
Additional fimds are needed annually for guards, curators, and im- 
proT^ente, but m tlm press of defense needs the Congress bos not 

WMc* ^^■^^'ssiona fur the year totaled 

^,^0 Jiidiyidual eji^imens, bringing the number of catalog entries 
m all depertmenls of the Museum to nearly 17400,000. Among the 
ou^ndmg thu^ reorired were the following; In anthropology, 
a cellecUon of PaleoLthic, Neolithic, and Broii.* Age impCeSi 


REPORT OF THE SECRETART 


8 


and ornaments from Java, nearly 1,000 potsherds and shell imple¬ 
ments from Indian burial mounds near Belle Glade, Fla., skeletal 
remains from Peru, and a reconstruction of the newly found remains 
of the fourth Pithecanthropus', in biology, 74 mammals, 472 reptiles 
and amphibians, and nearly 2,000 fishes ^m Liberia, all resulting 
from the Smithsonian-Firestone Expedition to that country, the 
Nevermann collection of about 33,000 Costa Bican Coleoptera includ¬ 
ing much type material, and a large collection of marine inverte¬ 
brates resulting from the participation of Dr. Waldo L. Schmitt 
in the Fish and Wildlife Service’s investigations of the Alaska king 
crab; in geology, an 1,800-carat aquamarine crystal from Agua 
Preta, Brazil, the Sardis, Ga., meteorite, weighing 1,760 pounds, 
the fifth largest ever found in the United States, many thousands of 
Cambrian, post-Cambrian, and Devonian fossils collected in various 
parts of the United States by members of the Museum staff, and the 
greater part of a fossil skeleton of the primitive mammal Xlmtather- 
iwn', in engineering and industries, an operating exhibit of the West- 
inghouse air brake, a fighter plane known as the Curtiss Sparrow- 
hawk, and a 93-dial display clock made by Louis Zimmer, of Lier, 
Belgium, which tells the time at many places around the world, 
the tides at various points, and many calendar and astronomical 
events; in history, busts, costumes, or mementos of famous Americans 
including Abraham Lincoln, William Jennings Bryan, and Brig. 
Gen. Caleb Cushing. As usual, many members of the scientific 
staff took part in field expeditions, financed for the most part by 
Smithsonian private funds or through cooperative arrangements 
with other organizations or individuals. Twenty-five publications 
were issued by the Museum, and 52,170 copies of its publications 
were distributed. Visitors for the year totaled 2,505,871. Fourteen 
special exhibits were held under the auspices of various educational, 
scientific, and other groups. Changes in staff included the retire¬ 
ment of Gerrit S. Miller, Jr., as curator of the division of mammals 
and the advancement of the assistant curator, Dr. Bemington Kellogg, 
to succeed him, and the appointment of two new assistant curators. 
Dr. Joseph E. Weckler, Jr., in the division of ethnology, and Dr. 
Bichard E. Blackwelder in the division of insects. 

National Gallery of Ai'i .—The completed budding of the National 
Gallery of Art was formally accepted by the trustees of the GaUery 
on December 10, 1940, and on the evening of March 17, 1941, the 
opening ceremonies were held. Chief Justice Charles Evans Hughes 
briefly described the purposes of the Gallery, Mr. Paul Mellon, son 
of the donor of the Gallery, presented the building and the Mellon 
Collection to the Nation, and Mr. Samuel H. Kress presented the 
Kress Collection to the Gallery. The President of the United States 
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then acceptwl the GnJIery tin liehnli of Uio people of *1“ Xati<m. 
The following day the building wiw opened to the publiCr end Uie 
ottcndEince fiom that day to June 30 was 708466* an average of 
7|539 per tbty* Practifally all the initial stalf of the GaDery had 
been cmployeil by March J, 1041, the number of employees on Juiw 
30 being 220. The fir^st catalog of the Gallery and a ^klct of 
general infonnation were ready for distribution at the time of tht* 
public opening, os were also n book of illusirutions of all tlw nrt 
works in the collection, color repniduciions, and postctmhi. A n^- 
her of important prints atnl four paintings wore accepted as giftd 
during the year. Under the educational program of Um Gallery, 
the clocent stad has been organized so that I here ore at least two 
public gallery lours every day and two auditorium leclurijis every 
wiwlc, A memorial tablet to liic late Andrew W. Mellon, donor of 
the Gallery, was iiiKtalJed in the lobby, and four marble panels were 
set asida for the names of impoilant donors to the Gallery. The 
names at present carved on the panels ore those of Mr, Mellon and 
Samiicl hi. Kress, and the nainta of future donurs will bo added as 
authorized by the Board of Trustees. 

Natlonai ColUcthn. of Fine Arfa.—Tlie National Collection re* 
ccived two adilitiona to its endowment funds during the ytior: 
$5,000 from the Conieliii Livingston Pall Ewiate of New York, 
and $10,000 from the Miss Julia D. Strong Estate, of Wanhington, 
D. C. Three puintinp were accepted for the National Collection 
by tliH Smithsonian Art Commisdon in Deceuibcr 1940, and several 
other gifts of etchings, miniatures, and paintings were deposited 
during the yenr to be passed upon by Hie Commioatoti at its near 
annual meeting. Three miniatures were purchased through the 
Catherine Walden Jlyer Fund. The following eight special eshibi* 
tions wens held: 48 pastels, drawings, and lithogrupha by Lily E. 
Smuldcre; the Sixth Annual Metropolitan State Art Contest, 1949, 
compriaiug 289 art works by 156 artista; the work of William Baxter 
Closson <l$43-lQ^lt comprising M oils, 49 pastds, 21 water colors, 
112 wood engravings, and other mate rial; 111 pastels by 17 artists, 
exhibited by the National Society of Pastel iota; 22 water colors and 
21 pastels by Ethel H. llagen; 42 paintings by Alejandro Pardinos 
under the iiatronago of tlie Cuban Amliiissador; 39 caricatures by 
Antonio Sotomayor under the patronage of the Bolivian Minister; 
and a memorial exhibition of 17 oiiku- prints and 60 black and white 
prints by Bertha E, Jaques (1893-1941). A new edition of the 
Catalog of American and European Paintings in the Gellatly Collec¬ 
tion was published. 

Freer Ot^ry of Arf,—Additions to the coliectiona included 
Chinese bronze, Chiiieao jaile, Arabic manuscripts, Indian and Per* 
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sinn puintii)^, CUinoae poreclttiDj ftud Cliinesc and PersisK pottery. 
'P])(j work of iJi® curatorial stofT wiis devoted to tlio study ntid record- 
injf of tliUHO new ncquialtious and other art objects and manuHCiipta 
Hlreadv in the collection. In additioii (193 objects nnd 180 photo¬ 
graphs were brought or sent tu the Director for information con- 
cefiung them, and re|ifirts upon all tUeHO were made to tlia owners. 
Changes in exliibitlon involved 84 individual objects. Visitors to 
the Gallery totaled 111,784 lor the year. Sis mustraleil lectures 
wore given in the auditorium, six study groups vven- held in a stinly 
room and ten groups were given docent service in exhibition galler- 
iea. A. G, Wenley of ibo Gallery sialT gave a 6 wceW lecture courao 
in Chineso ami dapancaa art in the Far th^tem Institute at the 
1940 Harvard University Summer StJiool. WiUiam K B. Acker, also 
of tho stair, returned from Holland, having taken his Ph.D. aim 
lawle in Chinese at tho University of l 4 jydcn. 

Zluivou o/ Anuricitn £*#‘ibe Chief of the Bureau, il. ■ 
Stirling, continued hie arciieologicol excavations in southern Mexico 
in cooperation with the SatimmI Goegrophic Society. At Cepo de 
las Mesas 20 carved stone uionumanta were unearthed, and S initial 
mrioa dates were deciphered. At Irapa, a link between the west 
coast of Guatftniala and the isthmian regicui of southern MexU-o, a 
largo tmtitber of stelae weto excavated. The collections made were 
brought to Mexico City, where they were studied by Dr. Philip 
Druciuir assistant archeologist of the expedition. Dr. J, E. Swan- 
ton brought to completion his extensive report on the Indians of 
the Sci«thea«t, oomprising 1,500 iyi*writtcn pagis, which the Burrau 
plans to publish shortly. Three other ethnological pajiers by Dr. 
Swanton were in proCfiS of publicAtion, Dr. J. P. Harrington con- 
tinuod his compurativo study of the Navalu, and TJingit languages. 
His work wi the Savabo was completed during the year, forming a 
manuscript of more than 1,SOO pages. Dr. i. U. H. Roberts, Jr., 
brought to completion the sixth and final season of arehcological in¬ 
vestigations at the lindenmeier site in northern Colorado, wherein 
much new and valuable information on the subject of Folsom man 
and this early occupation of North America has been obtained. Tci- 
ward the cl^ of the year he went to San Jon, N. Mex., to start 
excavations at a promi^g site suggtsave of another phase of 
man in North Atnerica, the so-called y™a. Dr. J. H. Steward 
completed hi a researches on the Currier Indinns of British Columbia 
and invesHgated a burial site on an island off the corist of Alaska. 
He devoteti tho I'cst of tba year to editorial and orgaiuaatiOTal work 
on the proposed Handbook of South American Indians. Dr. H. B. 
Collins, Jr., continued his study of collections from Lskimo sites m 
the vicinity of Bering Strait. Dr. W. N. Fenton comiucted field 


(> annual REPonr suithsonun iNanTCTiON, i»*i 

work onioiig the of Alkgimy HcEervation, Jf. and earned 

forward a number of other invesligatiouii dealing with Iroquois 
problems, Francea T^cruiniore, a colioborator of the But^uu, 

continued her study of Indian muBic^ coliecting additional songs, 
transcribing these imd songs previously recorded, and preparing ma- 
tcrial for publication. The Bureau published its annual rejmrt and 
threw buUetiiis. The Ubrory acceesioiied STS itEiiia ami relabeled and 
reshelvcd over 0,000 books. 

intcTTiational Ksechangt Service.— Exchange Servicu act« as 
the official Unilml States agency for the interchange Of parliamentary, 
gcu'eriitucntal, nud scientific publications bctwwn this country and 
the rest of the world. During the past year the Service handled 
.^78^62 packages of such publications, with a total weight of 388,049 
pounds. Naturally, the lost ^ years have sliown a marked fulling off 
in thn nuiiiber of puckagea passing through the Exchange Service 
because of war conditions in large p!irlMof the world. Tlie mulertul 
tbot cannot now lie shipped abroad will be stored at the Institution 
until the end of hostilities. Tranfaniaslori of sliipmenta to and from 
Great Britain and to Latin America has been practicaly iminter* 
rupted, and some material has been forwanled to Spain and Portugal, 
although irregularly. Five consignments of exchanges havo been lost 
through war aetlvities. 

National Zoological Porif:.—^The W. P. K, project which has been 
of such great oEsistanco to the Park in the post few years was termi* 
nated on August 0, liMd, po that few impruv«nieuts could be under¬ 
taken durJiig the year. The four new waterfowl ponds wore com¬ 
pleted and birds trimwferred to them nt tha beginning of the year 
The new restaiinmt constructed by tlie P. W. A. won completed in 
tlie fall of 1910 and wna opened to the public in March 1911. Visi- 
tora for the year totaled 9,430,300, including 4S,0.'!0 representing school 
or other groups from SO States nud the District of Columbia. The 
Smithsonian-Fireetone Expedition to Liberin for the purpose of 
collecting live animats for the Zoo returned Lo ihia cum dry in August 
1&40. The animals brought back numbered nearly 200, represoiiting 
01 species of mammals, birds, and other forms, seTBral of them being 
new to tlie hiskpry of the cotlBclion. The usual large number of 
gifts was received during the year, and 70 mammals, 49 birds, and 
14 reptiles were born or batched in the Pork. Tim tond number 
of animals in the collection ot tbe close of the year woa 2.380, repre¬ 
senting 730 dllferent species. The chief neisd uf the Zoo is for 
three now btiildings; one for antelope, deer, wild hogs, and kan¬ 
garoos; one for monkeys; and the tliJrd for ramivoreg. 

Aatrophymcal Ohmrvatory. —At Washington the work of the staff 
was devoted largely to compiedtig for publication tho immense tabla 
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«f daiJy solar'Constnnt olitwrvationa at Uie three field Blatioua at 
Montezunia, TabJe JJountain, and Jlonnl St. KaUicrino from 1923 
to 1030. ‘llie rest of the text fur Toluma 0 of tlic Annala of the 
Obserratory was also neiirty eotnplcted^ end the whole is expected 
to bo rendy for Hiw printer before Januiiry 1942. During pniparation 
of a paper on ‘"An Importniit WtatLcr Element Hitherto Geaerally 
Disregarded,’* Dr. AWiot noted that the wdar variation is several 
dines greeter in jiorcentagc for blue^vioJet rays than for total radia¬ 
tion. This led him to coosider whether the Jiun’a variation might 
not he more effectively followed by observations limited to the blue- 
violet region of the spectruiu. He finally devised a method of thtis 
restricting tlie obaorvationa, which was introdaced near the close 
of the year at the tlirw fiolii obson'ing stations. There is great 
hope that the new method will yield more reliable daily indications 
of the solar variations. Dr. H. Arctowski contiiiued Ids meteoro¬ 
logical iiivestigationa relating to ihe effects of solar variiitinn on 
atmospheric barometric pressiire iintJ temperaturo and complolcd a 
manuscript incorporating the results of ibis study which will be 
piiblishwl during the coming year. Daily determinations of tlje solar 
constant of radiation wrrw made et the three field stations w'henever 
conditions permit led. A new concrete dwelling houso for the 
obs«irver^ was orated at the ^ roiitcKuma 
Ditftsion of Radiatum —^'he Division continued its 

[Jnigram of reia-arth on the ridation of radiation to various phases of 
plant growdi. In continuing the project dealing with the genesis of 
chlorophyll and tho beginning of photosyntliesis, a large amount of 
information was obtained on the respiration of etiolated barley seed¬ 
lings. This materiHl is important bt^causc of its bearing upon photo- 
syiitheeis iia measured by the gaseous cxchango method. It appears 
that conditions of cnrlH>ti dioxide storage or depletion dovelop in 
tho plant tissue depending upon the concentration of this gas sur¬ 
rounding the plants. In Bubseguent periods, when the respiration is 
measured there is nn increase or decrease in t^ rate of CO* cmk- 
tion (i. R., in the apparent rate of respiration) until a state of 
c(juilibrium with the new environment is attalued. Considerable 
time was spent in improving the performance of Ihe^apectrograph 
used in measuring carbon dioxide for very shurt periods, and the 
new features developed have greatly improved the speed-sensLtivily 
and Stability of this apparatus. Further study was made of the 
spectral cfftetivcncss of radiation for the groAvth inhihirion of the 
oats mesocotyl. and a comparative study was umlertaken of^sozae 
other species of grasses. A jjaper resulting from experiment m ttm 
ultraviolet irradiation of oJgae showed that algae espused four times 
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to stiinulatir© luuounts of certain wave lengths of the ultraviolet 
exhibited i to i.8 times the growth rate ^expressed as number of 
cells) of llio control cultiirea. llie inSucnce of culture conditions 
on the photosyntliKtic behavior of the n1^ CAl^rci^ pyrenouloM 
was investigated. The growth ryide of this organism wag studied 
in relation to light intensity, carbon dioxide concentrationj and (he 
composition of the nutrient solution. A number of pnpen) were pre¬ 
sented bv members of the stan' before meetings of scientific bodiest 
and six piibUcationa resulting from the work of the Division were 
isKtied during the year. 

the ESTABLtSnSIKNT 

The Smitlisonian Tnstitutkin wiis created by act of Congresa in 
IS46, according lo the terms of the will of James Smithsoni of 
England, who in 1820 bcqneaihetl his property to the IJniltHl States 
of America *Ho found at Washington, nnder the name of the Smith¬ 
sonian Institution, an establishment for the mcrcase and diffuaion of 
knowledge among men.” In receiving the property and oecepting 
the trtist, Congress determined that tlic Fodcral Government was 
without authority to ndminieter the trust directly, and, therefore, 
conatituled an ♦‘establishment’* whiwe statutory members are “the 
President, the Vice Prwadent, the Cliief Justice, unil the lioads of 
the executive departments.” 

TUE BOABD OP BEOENTS 

Changes in the |)eiwnnnel of the Board of Eegenta during lUe 
fiscal year included the succession of Vice Prealdent Henry A. Wal¬ 
lace to the memhorehip held by former Vice President John N. 
Gamer, effective January 20, JMl, the Vice Prealdent being by law 
a regent cx officio, and tbe appointment by the Speaker of the House 
ai Bepresentatives on January 22, 1941, of Bepreseutative Foster 
Steams, of Nhw Hampahito, to succeed Jicprcseivtative Charles L. 
Gifford, who had resigned his membership as a regent. 

T1j 6 roll of regenta at Ihn do* of the fisml year was as follows! 
Choidcs EvatiK Hughes, Chief Justice of the United States, Chancel¬ 
lor; Henry A. Walhuje, Vice Presiilent of the United States; mem¬ 
bers from the Sctiate’-^lharles L. McNary, Allien W. Barkley, 
Benohi t Champ Clark; memlwrs from the House of Rfipresentatives— 
Clarence Cannon, William P, Ckile, Jr., Foster Steams; ciiiznn mem- 
bers—Frederic A. Delano, Wa^ngton, D. C.; Boland S. llorria, 
Pennsylvania; Harvey N. Du vis, Nf'w Jersey; Arthur H. Comptou, 
Hlinols; and Vnnnevar Bush, WasUingfon, 1 ). C. 

Proceedings .—^The aiinual in<siting of the Board of Eegents was 
held on January 17, iWl. The regents present were Clilef Justice 
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Charles Evans Hughes, Chnncellor; Senator Bennett Cliamp 0orki 
Rctpresatitatires Churlert L. (lifford and Glarenoc Cannon j citizen 
regents Frednric A. DelanOi Rnlniu! S. Morris, Hjiirey N* Davis, 
ond Vaiinevflr Bush; and tlia Secretary, Dr. Charles G. AhboL 

The meeting was held in the Smithsonian main hall, which had 
recently been newly decorated and equipped with iUu^rative eshibits 
giving a compreheiiuive view of oil Smitlisonian activities. The new 
oshibita were viewed witii npiiroval by the regoiits. 

The Board received and accepted ibe Secrctaiy’e Rnnual report 
covering the year’s activities of the parent inEtitsition and the several 
Government branebes. The Board also received and scceptisd tte 
report by Mr. DhIihio, of the raeciitive coramittee, covering financial 
statistics of the Institulton; and the annual report of the Smith¬ 
sonian Art Commission. 

'I'ho Secretary informisd tba regetits of tiie death of Mrs. Mary 
Vaux Walcott on August 25!, 1&40, and of her detsigiiaticn of the 
Smithscjiiian Institution ns residiiary legatee, the bequ^, when re¬ 
ceived, to bo made a of the Charles D. and Mjiry \ aux 'li\ alcott 
liesnarcb Fund set up by the former Secreiary. Approprioto resolu¬ 
tions were adopted by tlie Board. 

In his usual spcciol reixirt the Swretnry mentioned briefly the 
more important nctivltica canietl on by the Institution and its 
branches during ibe year. 

finances 

A statement on finances will be found in the report of tlw Execu¬ 
tive Commit teo of the Board of Regents, page 130. 

aiATTEBS OF OBNERAT. INTEitEST 
RADIO PROaE.Ml 

The Smitheoniiin cducationul radio World m 

fic^lebmtod its fiftli anniversary on the air on Junn 14, l&4i. 
On that date a sriecia] program ivaa prepared wherein extracts from 
specially Eiiccessful previous broadeiif?^ were woven tofjciher into 
a composite story to illustrate the ^ay in which the various sciences 
fire hfljidJtHl in this ** Ihe World is Yours;* a reries of weekly 

half-hour broadcasts in dramatized form on science, inVi^tion, his¬ 
tory, exploration» and art, ia put on the air over a ?fatii.sn-wjde 
network through the cooperation uf the United Statea Office of 
Education and the Nfitjonal Rroadcoatmg Co. The progr&m ^bjecis 
are selected by the Snuthsonian editorial diviHion and the scripts are 
written by a professional st:ripL writerj employed by the InEtitutinn, 
from material fumished by Smitloionian experts in the various fields. 
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The prcjfrniJia are produced in Radio Ciiy, 5few York* as an ?f. B. C. 
public service feature anti go out over the If, C, rer] network. 

That the popularity of the program hae ccintinuei! undimimshed 
ia shown by the fact that an oRiciiil rating service bos thrice witliin 
the past 2 yearn placed ^'fhe World is Tours'^ at thn top of all non¬ 
commercial programs on all networks A recent rating of N, B* C. 
public sen ice programs by percentage of station pnrjgnini directors 
selecting them placed “The World is Tourw^ aijtLU on the Ikt> but 
most of the fiva tat^d above it were programs devoted to discussion 
of current cventSt which are natnraily of grpaL^L interest in these 
disturbed times. 

ITia list of subjects covered by “The World is Tours'^ during the 


past Ssi-hI year is as follows! ^ 

Mexleo, of srivf^r,_ _ Julj 7 

John Steel July 14 

Prlmlttve Maria<»nj.^ -- July 21 

Is Thc» Life on Other July 2fl 

Glftoiem... - -..----- A%ig. 4 

Out I«Uu 4 UmvetHO.Aua. II 

Frcun TJberian Junffl^^ lo S5oo - - --- Ana. 

Explortag Cliff Dwftllfngfl of the = ^ .......... An#. 25 

Story of the SHvor Sflreeo.. _ SepL 1 

The Fall of a Meteorito.__^__,,__, __ _ _ Sept. S 

Niiturtr'a _ IS 

Reocliing tlie Upper ... - SopL 22 

The Wofid'fl Moat Importoni CbemJeol Eeoet^oii . Bept. 20 

Frtwpeeitng fgr TUock Qold^^^ _ Oct- B 

Diieovering ite Sourec of the MEwdsBlppL. .. ,,,, _ _ _ ^ ^_ Ooi. 13 

With the Clipper Shlpa to Chlna.^ ___, _ OeL 30 

An Indian Le-ogue of Natlono._ ^^^^^. Pfoc, 3 

Indepeitdcncc HalJ^___^. — Ngv* JO 

New Wonders of ChemistTy^*^*-. ___ __ Nov* 17 

The Land Makw Hiatory^* _______ Nov, 30 

500 Years of PrinLmg,, . ... __ _ _ Dee. 7 

Fwehlo Indians on the PVaina_ _____ _ _ _Dec. 14 

The Story of the Parachute. _ ____Dec. 21 

Furwokrd with Science-^ _ _ _ Doe. 2S 

The Dinosaur NaUomil Monument and Its FobsIIs _ _ Jan, 4 

Behind the Sceuev at the Smitlisoniiui-._ _____ Jon. 11 

Airemit Engines___ ___ Jan. 10* 

The EloL'trou MlcrwcopB_-_ Jan* 25 

The Army Medal of Hunor^.__ _ Feb, 1 

The Story of Yitaminfl___ _ _Feb* 0 

Treaties with the rndlaiifl.^_^^.^__,_, ___ Feb* I& 

Diaaetuinatiiig Knowledge Thmughout the Earth.____ Feh. 22 


^ So ll^^Mll1^:mft■ wqrs eItcd on Octchar £7 and iia’simihrr 1 *, UHO, lqU AptH 26, 1^1, 
bflcftDH ImpartAbt m-diUzwm cr a|b«r c^iniinltniBDti by N. C. far tb» euuaI jri^rlikd 
Of “Tha World is Tonfir" 
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Army wid Navy Uftifomw.,---- *— Mar. 1 

TIm! NaliuQ*# New Art Ckyirfy.Mar. A 

300 Viwivol Chcmistpy.. -- - *- - -- -- "*“■* 

Coiaanf America — ,, - - -- — Mar’»22 

Fifty Centuries of Silk __ _ _ Mar. 2B 

Chainplun in New Enilauii,.-. .. ■ - — --- ® 

Smitluanian Field Expeditiom... . = ---- ^P'^- 

Sraefl, Land of Genu__ __ = ^ -* - - — Apr. 19 

AnoleatCmta__ __ _ ___ May 3 

Hilda of tlio Saa .. .... May 10 

The Saga of the NonHuneii- --- - May 17 

Oliver Evans—Kariy Amarican EngUnfOT - -- - May 24 

f‘'xpIorii)g Alaska. - - ---- May 31 

Plaimum ___- . .. ^ 

Five Years of The World Lt Youie {mrotversary program) . .June 14 

CiOciidars of all Times . . . . . . H 

How Plante Orow„,.. .. 


Tho Inrtitotioii "Wiu* luiable, bwapi* of latk of funds to employ 
widitlutial jMursotiDelf to Tijsiima publication of tbs ruipplEuicutary 
articlc5| or “liatsner-aids,” wliicb up to June 30, IfUO, contributed 
greatly to tlin educationAl valuB of “The World ia Yotiw^ pcogntma. 
It is hoped that a w'ay will be found to reestablish this part of the 
project during the coming year. 

WALTER RATlinONl! BACOS' SCIiOrJlBftHir 

A bequest made to the Instituiiori in 1919 in the will of Miv. Vir¬ 
ginia Purtly Bacon, of New York, providetl fur the establishment 
of a traveling scholarship, to be known os the Walter Rutlibone 
Bacon scholarship for the study of the fiiuoa of countries other 
ihim the tJnited States of America. 

For thii past 2 years the Bacon scholarship has been held by Dr. 
Hobart M. Smith, who® purpose w»« the accumulation of gpecliiieaa 
of repLihte and amphibiiinB from Mexico, on Uib ba^ of which a 
herpetology of Mexico might be compiled and the biotic provitioea 
of Uie country more accurately defined. 

During the year I£l4<t41, the some 20,B0O specimens of reptiles 
and niiipliihiana obtained during the 2 precerUng years wore sorted 
and a portion studied and entered in the permanent colletrtjona of 
the Nationul Mu«uin. The ctjUeotion requires study that could not 
be completed within the year, ond as a result certain groups must 

bo re®rviHl for study at a later date. 

A total of 1,421 sped mens of snakes was obtained, rapreeentLng 170 
species and sulwpecies, of whidi 23 appear unnamed. These com* 
prise about ball tho apecica known from Mexico. Nineteen sjiecimena 
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of three species of crocodiliaiis, alt that are known from Mexico, 
were obtained. The study of these groups has been completed. 

Not all the lizards have been studied yet. Completed genera num¬ 
ber 22, comprising 4,547 specimens of 116 species and subspecies. 
Eleven are unnamed. Six lizard genera remain to be studied. 

The amphibians are not completed. A preliminary sorting, how¬ 
ever, reveals some 5,173 frogs and toads, of about 110 species; 5,064 
specimens of approximately 40 species of salamanders; and 6 speci¬ 
mens of one species of caecilian. Most of these are being studied by 
Dr, E. H. Taylor. 

The turtles have been turned over to Dr. Leonhard Stejneger for 
study. 

While most of the data pertaining to this collection are reserved 
for a future paper, descriptions of new species and surveys of certain 
genera have been prepared for preliminary publication. Seven such 
papers have been issued during the present year, 

SMITHSONIAN MAIN HALL EXHIBIT 

In my last two annual reports I have spoken of the project of 
installing in the main hall of the Smithsonian Building a new type of 
exhibit intended to serve as a visual index to all Smithsonian activ¬ 
ities. During the 95 years since the founding of the Institution, 
its activities have so expanded in scope and the buddings it occupies 
have so increased in number that it has been impossible for visitors 
to get an adequate idea of what the Smithsonian is and wlmt it does. 
The project was brought to completion during the year, and the 
new exhibit was formally opened to the public on Monday, January 
20, 1941. The Board of Kegents of the Institution had a preview 
of the exhibit on January 17, when their annual meeting was held 
in the main hall. 

As stated previously, the entire project has been handled by a 
committee consisting of Messrs. C. W. Mitman, chairman, W. E. 
Foshag, Herbert Friedmann, F, M. Setzler, and W. P, True, all of 
the Institution's staff. The great hall of the Smithsonian building, 
some 150 feet long by 50 feet wide, wa^ first completely redecorated 
according to the committee’s recommendation. Then special back¬ 
grounds for the exhibits were designed and constructed to form eight 
separate alcoves and four quadrants, the central aisle being left clear 
for free circulation of visitors. The eight alcoves present graphi¬ 
cally the work of the Institution in astronomy, geology, biology, 
radiation and organisms, physical anthropology, cultural anthropol- 
ogy, engmeering and industries, and art. The four quadrants, facing 
the central area of the hall, contain exhibits on the scope of the 
Institution’s work, the National Zoological Park, history, and the 
organization and branches of the Instilution. 





Ricport, 1941 


Plate 1 




New ‘-index EXHieiT'^ at the Smithsonian institution. 


Upper, port of the astromoroy exhibit. 
Center, p«rt of gwlogy exhibit. 
Irfjwer, part of the biology exhibit. 
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The nine previriiiB Arthur lectures have been as foUoirs i 

1. Th% CompoBlyoD of tlte Bun, bj Henry XorriK Htuvelld TU-ofefyMr AEtrat»inj 
mt Frlncetoii Unlvenilty. JanojLry 27^ WXL 
Z GrairltaUnD In tb« Solar Syfireiii^ hy ErnHtc WHttain Brown, [irofeasor o| 
naalli£niatle£ flt Talo University Jflauary 25.1033. 
a How the Son Warms the Earth, by Charlie Q, AbboEC Stwratary of the 
SmUhftinSark Inarltotldn, February 2^ IVW. 

4- The Sun^s Pince dmoo^ the BUira. bj Waller S. AtlmnXr dlrectnr of tTie Mount 
Wilson Ob*^atorj, D^»exnher la 1034. 

5. Raja utiil Plant Uie, by hkrl S. JnhmtEan, Aml^tont dtreeter of the 
rHvlflloa of BoUlatlou and OrianlsmH^ Smlthne^LiLc InstUntloii, Ftehruary 
20, im 

(1, Dl«coverto fnoni £cllp^ Expeditions;, bj Sumtiej Alfreif illr^or 

of the Uamiter MoCurmltik Obsenatorj, TTnlrtrsity of Vlr^nliL. Fehmary 

% rjar, 

T, The Sun and thA Atmosphere, by Horlftn Tmo Stetaon, rou^r^h asaodate, 
^lassacbosetts Institute of Twhnoloj^y, Pobnuiry S-h 
a 3un Worship^ by Herbert J. Spinc^en, earator of Anjrrleaa lodJaa Art ond 
FrlmLtlve CbLtures, nrooklya Museama, Fsfcninry U, lo^, 

9. Solar PronslnencHS In Motloii, by Rebert K. MeMathn director of the MtUuttw 
BuTbert Obeorvatory of the Univerally of Mlditi^aa Jaiinaiy Ifl, 4&4a 

Bi:QU£f5Ta 


Jl/aiy Vaiiv &ff^tfs^._Mary Vau* Walcwtt, widow of the 

late Charles D. Walcott, funner SecTCtury of tho Smithsonian Iiwti- 
tntioii, died August 22, 1940. Ali'v. Walcott hud for tnaiiy years been 
deeply inlcresled in the Institutiui) and its work, nnd durtngf the years 
1^5 to 1930 her beautiful water-color stketnhes of Is-orth American 
wild Qowctb were published in five siimptuoiw volumes under tho 
aiispicea of the Institution. During her lifet ime Mrs. Walcott mani¬ 
festly her interest by numerous vaJuahle pifts, bcnh in the form of 
epeciioens and of money for specific piirposiea connected with Smith¬ 
sonian researches. In her will slio named the IriHtitution resiiluary 
legatee, the relevant portions of that document reading in part as 
follows: 


t give, devise and biNiaaitb all tUe rest, resiflaa remainder of my 
estate • • t« tbe Smltluionlau iMKmtKa, *.*10 mEmorr of iny 

belied bdatand Cliaflns IX Watwtt, te added t» ai.d fena a part cf S 

^'*''®** IteaMarch B’uad. MiabUiXHl Ujr my liuaban^l 
)u tils U*® «ptw« atlpultUeft. livwerrer, that Qid TtstrlctUn aa to 

m«!ns of th. Boord of Itosoote o» J.oo.ro 17, 
J 941, the following resolutions were adopted; 

-I^at the Buai^ af ef the lasUtatKai learai 

with profound eorrew of the death an Aaiinat 22. io«, at v 

Walcott, widow ot Its late Seeretaiy. 
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Ttie cbjinrur nf Mra. Walcott, lier auti in iJopicttiig 

wild dowei-A; h^r researcii^a In glDciliU bcr deep btetest Ln tbe 

paJedDtelo^c ef Br. Wakott, and tier ismnj gifiSp cier a long peJ'Lod, 

to the SjtUth^nlim IiuittnitfoD are hJetdy apprKliitBd 

That this Board leamB with profound sraUtndD uf Mrs. Waleott^a 
large beQtieat Lo the tcdowtrieot of the Smttlisaeian iDatitntJoD in jnmory of 
her lube hoataoU. 

Furihcr re4<^fvcdt That the$e te^olutlohs ho aptefid on ib^ minuter of this 
meeting mnd that ft cop? of Uma he sent lo alrft, Wiklcctt'&OKeeotet^ 

The amaunt of Mre, 'Waleolt^s beciuest was slightly over $400^000. 
At the dose of the fiscal year, the estate had not bwn settled. 

JhUix D* Strong bequest ^—Tri the rnml accounting of the will of 
Julia D. Strong^ of Washington, B. C| who died April 12^ 1»36^ the 
Nation nl Collection of Fine AH^ of Ujc Smithson Ian Institution^ as 
alternate beneficiary, received the sum of $W^OQO, No sti|nilations 
us to the n^ of the fuiul were siated in the will. 

Fl&tenee Brei^cort Fickemer^cT hequ^t —Tlie will of the late 
Flotttnse Br^vnort Eickemejer, of Yonkers, N. Y., contained the 
following provision: 

1 give aed bequcftlh to tlia SmlUiSOEituu Iimtituiloa * • * (lie mm vt 
$10p0D0 * ■ ■ to iiae or iipply Uic incomer tbcreol or as iftech thereof fta 

may lie nmiissLry^ Jn or about tfao e^MUlUcb, prescrral^loft ftftC care ot iate 
buabanil RadoLC Elckemo^cr Jr/s photograplik w<irbs eud eoUoeUon* Uie residue 
vr aurplua of aueb Inooioep if aoy, to be applied to the mva and parpo^ies of Uio 
f^ttun of Photggrft[diy eftabllahed or mtaetaiaed U? oalC neftiCutloo. M? late 
buBbLUid. RtiiiolT ElcJjeemE^yer^ ir., ua end by his lust will and tcstiuacnt and 
codicU thereto. Intended to pro^^ide a fuail for the csMhltioa nnd ofire of Ida 
pbotograplile works ftnil eoUL^-tloop bequeathed tbereby to SmltbsouhiD 
IndtltatloD, and his estule being sulUcIent to provide auuli road, I do lierebr 
make tbe above hcqueal; to carry uut wy lute hiibbaud'H puriww in timt regard. 

The money thus bequeathed had not been received at the dose of 
the year. 

Alfred Mueeinun bequest— Smith^nkn Institution is named 
Hs a residuary legatee of the esLate of the late Alfred Mussinan^ of 
Sumter County, Fk. His will divides his estate into two equal parts, 
anti upon tha death of certain legatees named in the will, tlin Insti- 
tution k to receive five-eighUis of the principd ^um of one-half of 
the estate, *^the income therefrom to be used by said matitutUin fur 
the incrense and diffusion of knowledge among men.’’ The amount 
of Mr, Alussinan^s estate- was estimated by the executor in Atay lD4t 
to be approximately $30,000, in addition to real estate, stocii, and 
bends in Germany whirh it waa Ijiii>oaaibk to evaluate, 

ExFLDiuitiD^^g A2?n mxn wons 

In the furtherance of its investigHtions in many branches of science, 
the Smithsonian setit nut or cooperated in If^ expeditjono, which 
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^ork^d not only in many States In the United StnteSi but ali?o in a 
jiuiiiberof foreign lands as i?rcU. 

Paleontological work carried on liy Dr. Charles 51. Eeeser in 
invHJitjgaLions of ancient Cambrian rocks; by Dn C; lA-iwifj Gazin 
in UUh and Woming, rR!!^TjUiiig in tJie iliseoTet'T of an almofit com- 
plete fossil akelcton of the primitiTC mammal known as an uiniathere; 
and by Dr. G* Arthur Cai>[>pr in Tejcas and Tenncasoc where an 
abundance of fossil materia^ much needed in the MuHeum’a study 
collection, was obtained. 

Dr. Willian IL hlann, Director of the National Zoologirfil Park,, 
and Mrs. Mann went to Liljeriit on an ezj^didon financed by the 
Firestone Tire & Eubber Co., and brought back an assortment of liva 
animRls for the Zocij inrliiiling a 4GO-poand hippopDtimtus« and some 
3,000 preseiTcd specimens for the Museum. Dr, Alexandi^r Wetniora 
spent a month in Co&ta Kka studying the birds of that region* 
W. L* Brown collected material in the Canadhin EcickjCfi for back- 
givninds for thfi Rocky ^iountain goat and dieep groups exhibited in 
the Museum. Dr* Hnbnrt M. Smitli, holder of tlie Wallor Ratlihoim 
Bacon ^hobrship, assisted by Mrs* Smitli^ continued his study of 
the reptiles and amphihiaus fsf Mexico. Dr. Mbldo L, Schmitt par¬ 
ticipated in the biological investigntions of the king rrab rjf Almdca, 
initiated by the United States Fish and Wildlife Service. Capt. 
Robert A. Bartlett conducted another espedition to Greeulandi and 
Mr. and Mra* Ruitsell Hawkins, rJr., visited the Gulf of Califemia, 
both to collect marine maleriaS* AiinUn H* Clark carried on his 
obHervaiiiini^ of the buttcrilies of Virginia* Mrs* Agnes Chase made 
on extensile study of the grfu^i^ of Venesiuela, bringing back large 
collections including 11 species previously unlmown. 

Dr. Th D* Stewart fi|w.nt several we^kff at the historic Indian vUlage 
site on Potomac Cre^ in Virginia known as Patawomeke, exam¬ 
ining an ni^uary that was discovered <luring the previous field sea¬ 
son. Dr. Waldo R. Wedel conducted archeologicai investigations in. 
central Kansas in an effort to locate Coronado’a “Province of Qui- 
VIra.’^ David T* BusJuieU, Jr*, made several trips to the vicinity of 
the Peaks of Otter in search of tangible evidence of early man in 
Virginia. Dr. Frank H. H. Roberte, Jr*, obtained further infoma^ 
tion on Folsom man, one of the earliest known inhabitant of Amer- 
ica, from exeavatious at the Lindsnineier site in Colorado. Dr* 
Julian H. fiteward via!ted British Columbia to record culture changefl 
among the Carrier Indians; Dr. Jolui P, Harrington made a com¬ 
parative study of the northwe$ileni Indians in Alaska and the south- 
weatcni IndlauK in New Mexico; and Dr^ William N* Fenton col¬ 
lected data among the Semxa hi New Ttbrk State on lio<|Uois moslm 
and rituaUsm. 
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fraUCATTOK/l 

The publicatioUii of tbo SmlthsoniitTi Institution constitute its 
chief means of currying out one of its priuuiry functions^ the ‘*dilfu> 
sion of knowledge.” From its priratc funds, the Iiurtitutiou issues 
the Smithsonian MiscellRrieotts Collectione, a series containing all 
the scientific papers published by the Institution proper; from Gov¬ 
ernment funds are issued the StiuthHcmian Annual Ecport (irith 
general appendix reviewing progress in science), the Bulletin!! and 
Proceedings of the National Museum, the Contributions from the 
National Herbarium, the Bulktins of the Bureau of Atiiericaji Etli- 
nology, the Annals of ttia AjitrophyaicaJ Observnfoiy, and Catalogs 
of tliH Natiouat Collection of Fine Aria. TIic Freer fialkry of Art 
pamphlets and the series, Oriental Studies, are supported by Freer 
Gallery funds. 

All publications of the Institution are issued through the editorinl 
division, which comprises the central office where publications of 
the Institution prttper are handled, the office of the edittw of the 
National Museum, and that of the editor of the Bureau of American 
Ethnology. The editorial division also directa the Instliulion^e 
informational activities and its radio work. 

The year’s publications totaled 7^, of which 48 wero issued by tlie 
Institution proper, 35 by the National Museum, 3 by the Bureau of 
American Ethnology, 1 by tho National Collectioti of Fine Acta, 
and 1 by the Ficor Gallery of Art. Information as to titles, authors, 
and other details concerning these publications will be found in tha 
report of the chief of the etiitoriul division, apiwndix U. Tlie total 
number of publications distribntetl was lSo.S37. 

Among the outstanding publications of the year may be mentionGd 
a paper by the Secretary entitled “An Important Weather Element 
Hitherto ’Generally Disregarded," wherein arc summarized evi¬ 
dences of tlifl dependence of our weather on tlie varialioiis of snlar 
radiation; a reviseil edition of Auftiiitant Secretary Alexander Wet- 
mora’s “A Systematic Classification for the Birds of the World”; 
another volume in th& series tif life histories of North American 
birds by Arthur OeveUnd Bent entiUed “Lite Histories of North 
American Cuckoos, Goatsuckers, Hummingbirds, and Their Allioa”; 
a paper dealing with the very interesting Chicora (Butler County, 
Pa.) meteorite, bv F. W. Preaton, E. P- Henderson, and James R. 
Randolph; and part 2 of the monograph entitled “AreheologicaJ 
Remains in the Whitewater District, Eastern Arizona," by Frank H. 
H. Jr. 

LiBRAinr 

Tho ^ Smithsonian iibrnry tctAled flj839 

volumes, pamphlets, and charts, bringing the holdings at the end of 
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dte year to 894,695 iteiii& As usual^ malty gifts 'n-artt t«c«iv«d, among 
the lorgtist of which were a collactioii of ^ sctentifio books and 
journals belonging to ths late Frederick E, Fowls of the Smith- 
eonian etalF and pnu>ented by his widow; 622 publications from the 
Geophysical Laboratory of the Carnegie Institution of 'Washington; 
and 612 publications from the American Association for the Ad- 
Toncement of Science. Again during the pa^t yenj- the library’s 
exchange work was carried on with great difficulty becauao of war 
conditions abroad. Most of the puhliratioua that failed to eotne 
were European and Asiatic. Some of these ore being held by the 
issuing ngencies for transmbwon after tlic wars are over^ others have 
delayed publication, but a few hare been discontinued, The library 
staff cataloged 6,696 volunies, pamphlets, and charts; prepared and 
died 40,233 catalog and shelf-list cards; made 22,611 periodical 
entrieiii; loaned I0,i)00 ptiblication to members of the Smithsonian 
staff; and conducted an interlibrary loan service with 45 librories 
outaide the SmiLhsonian system. Other activities included work on 
the onion, catalog; a large amount of hihllographic assistance to 
members of the ^ithsonion staff and others; and checldng of the 
serial holdings in cx>nnectlab with the forthcoming second edition 
of the Union List of Serials. The funds allotted to liie library per- 
RiittHil it to hind 958 volumes — only onc-holf of those complete for 
binding during the year. The m«rt. urgent need, therefore, is for 
more adequate funds for binding in order to prevent loss of ports 
of volumes that may be very difficult, if nut itnjKissIble, to replace. 

Respectfully submitted. 


C. G. Abbot, Sasretary, 



APPENDIX 1 

REPORT ON THE UNITED STATES NATIONAL MUSETJSl 


Sir; I Imve tte honor to ssnbmit the followii^ report on tha condi¬ 
tion and operation of the United States Notional Musicum for tha 

Cwat year ended tJune 3&, 1&+1. _ . u \t i 

Funds proTfided for the njainteninica and operation of tho National 
Museum for tlw year totaled ¥81S,305» «Iiich was $8*580 more than 
for thft previous year* The amount was reduotid SCjEOOj towever^ 
by reason of a compulsory adnuiiistrativ^ reserve^ 


OOLLEOTlDNS 

BuUding up of die great collections of tho Museum continue^ 
and a total of 1,618 seiwrate oocesaions, aggregating 336,686 mdi- 
ridual specimens, was teceiTed during the year. Although ^is was 
about 400 fewer separate acce^ioiia than last year, the mdiTidual 
specimens increased by 114,000, Dirtribution of these 
among tlie five departments was as follows; Anthropolo^, 4,0M, 
biology, 262,$21 i geology, 55,818; engineering and mdustrics, 2,6M; 
and history, 1,»5. For the most part these acquisttiona wsre gif^ 
from indiTiduals or repreasnted 6ip«Utions spoi«ored by the Smith- 
aonian Institution, All are listed in detail in fall rep<.rt on tho 

Museum, published as a separate document, but tho more^portant 
are aummarked below. The total number of catalog entries m aU 

departments is now nearly 17^4 million,^ , - , ► 

An/A«®o&oy.—Important archeological material mduded a col¬ 
lection of Paleolithic, Nsolithic, and Bro^ impliimenta ^d 
omamonts from Java; over 700 sUma arrifacta from westsm New 
York; about 450 specimens from an Indi^ village site m Pnga 
County, Va.; and nearly 1,000 potsherds and ^oU implemsnte frem 
burial mounds near Belle Glade, Fla- In f ““fy f 

were received representing the cultures o _ e ^va o, _ 

Indians and Eskinios; Plains, Pueblo, and Southwwtem tribes; the 
Iroquois; and othere. Cofiections from pwges out^de the ^ericas 
mduded specimens from Malayan tnbea of the PMi^e^fnim the 
Gnsbo of Liberia, and from the natives of Bah. Twenty-nine 
ramie specimens, 30 mUHical instrumeu^, and 47 of period art 
and tertilcs were added- In the division of phyacal anthropology, 
skeletal remains from Peru and from southeastern Akskn and a 
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the year to 894,655 items* As usual, many gifts were received, among 
the largest of which were a collection of 942 scientific books and 
journals belonging to the late Frederick E. Fowle of the Smith¬ 
sonian staff and presented by his widow; 622 publications from the 
Geophysical Laboratory of the Carnegie Institution of Washington; 
and 612 publications from the American AkSSociation for the Ad¬ 
vancement of Science- Again during the past year the library's 
exchange work was carried on with great difficulty because of war 
conditions abroad- Most of the publications that failed to come 
were European and Asiatic- Some of these are being held by the 
issuing agencies for transmission after the wars are over, others have 
delayed publication, but a few have been discontinued. The library 
staff cataloged 6,693 volumes, pamphlets, and charts; prepared and 
filed 40,238 catalog and shelf-list cards; made 22,311 periodical 
entries; loaned 10,990 publication to members of the Smithsonian 
staff; and conducted an interlibrary loan service with 45 libraries 
outside the Smithsonian system. Other activities included work on 
the union catalog; a large amount of bibliographic assistance to 
members of the Smithsonian staff and others; and checking of the 
serial holdings in connection with the forthcoming second edition 
of the Union List of Serials. The funds allotted to the library per¬ 
mitted it to bind 958 volumes—only one-half of those completed for 
binding during the year. The most urgent need, therefore, is for 
more adequate funds for binding in order to prevent loss of parts 
of volumes that may be very difficult, if not impossible, to replace. 

KespectfuUy submitted. 


C. G- Abbot, Secretary. 


APPENDIX 1 

REPORT ON THE UNITED STATES NATIONAL MUSEUM 

Sm: I have the honor to submit the following report on the condi¬ 
tion and operation of the United States National Museum for the 
fiscal year ended June 30, 194L 

Funds provided for the maintenance and operation of the National 
Museum for the year totaled $818,305, which was $6,580 more than 
for the previous year- The amount was reduced $6,500, however, 
by reason of a compulsory administrative reserve- 

cOLnBonoNs 

Building up of the great collections of the Museum continued, 
and a total of 1,518 separate accessions, aggregating 326,686 indi¬ 
vidual specimens, was received during the year. Although this was 
about 400 fewer separate accessions than last year, the individual 
specimens increased by 114,000. Distribution of these additions 
among the five departments was as follows: Anthropology, 4,064; 
biology, 262,h21; geology, 55,818; engineering and industries, 2,688; 
and history, 1,595. For the most part these acquisitions were pfts 
from individuals or represented expeditions sponsored by the Smith¬ 
sonian Institution. All are listed in detail in the full report on the 
Museum, published as a separate document, but the more important 
are summarized below. The total number of catalog entries in all 
departments is now nearly 17% million. 

Anthropology.— archeological material included a col¬ 
lection of Paleolithic, NeoH^c, and Bro^e Age implements and 
ornaments from Java; over 700 stone artifacts from western New 
York; about 450 specimens from an Indian village site in Page 
County, Va.; and nearly 1,0CK) potsherds and shell implements from 
burial mounds near Belle Glade, Fla. In ethnology, many objects 
were received representing the cultures of the Navaho; Alaskan 
Indians and Eskimos; Plains, Pueblo, and Southwestern tribes; the 
Iroquois; and others. Collections from peoples outeide the Americas 
included specimens from Malayan tribes of the Philippines, from the 
Grebo of Liberia, and from the natives of Bali.^ Twenty-nine ce¬ 
ramic specimens, 30 musical instruments, and 47 pieces of period art 
and textiles were added. In the division of physical anthropology, 
skeletal remains from Peru and from southeastern Alaska and a 
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i^iistru^ion of lha newly found remaiiiB of tho fourth Pith^isn- 
tkropiia werH the pnncipul ftcquiBitJOii&. 

^w%y.-^Biologii»l apecimcns, many of great scientific Talue, 
totaled 262,S@I, a cousidcrable increase oner Iiest year, althoogli tliese 
came in fewer mdiridual acccssious. The most important mam- 
mahan accession was a complete skull and bfjth sets of baleen of an 
adult humpback whale {Steff<iptera novae-atifflt^} and a fetal whale- 
hone whale skull from the North Pacific. Other received 

included U specimens from Liberia; 103 from South OiroUna; 85 
cavemicolona bats; other bata from Mexico, the Virgin Islands and 
Puerto Rico; 2 fetuses of humpback whales; a babv wulrua skeleton; 
and otoer ignsnmcna from Indo-Chlna, Ecuador, Korea, Costa Rica, 
Bolivia imd Brazil Of nearly 100 mammals received from the 
Zoological Park, the most importout wag a gayal {Set 

Large representations of birds came from Imlo-Cbino, Costa Rica, 
Brszii, ^taretica, Mexico, and Manchulmn. Field work of the Mu¬ 
seum in South Carolina yielded l,S0a bird skins for the study collso 


locorporalcd in the collections during the year were +4i01 Mexicjin 
rep I PS reived from the Smithsonian Tustitution as the major part 
of tho collations made by Dr. Hobart M. Smith, under the Walter 
Rathbone Bacon acholorship, among Lliem being tjiiee of many new 
forms and representatives of apecjps hitherto not eoiitnlned in the 
Miisonm. The second installment of Dr, W, M. Mann’s reptilian and 
amphibian collections In Liberia conrirted of 47S epecimens, represent¬ 
ing ^.veral new forms wd much valuable comparative mrterial from 
terntory hitherto little kmjwiL 

Firestone Ea|K!dition headed by Dr. Mann, in addition to those acoes- 
sione^art year. Among other ichthyological specimens received 
were^ fishes from Texas and the Onlf of Mexico, -120 from Alaska, 
and 60 sharks from Florida and Texas. 

The m^im^rdmt aecuaaion in ini^cts wa^j the Kevermann collee- 
tion Rican Coleoptera, comprising about 83/500 specimens 

and mdading much type material OUier important enton^ogicnl 
matena] came m many miscellaneous lots, Lhp largest being 64,000 
^ specim^s tiWereed frem the Bureau of Entomology Lnd 
Plant Quarmitine. A collection of nearly 3,000 beetles from Panama 
was donated by Assistant Curator Richard E. Bkclraelder, who coi- 
lectw them several years ago. 

About 600 marine invertebrates from the wi?st coast of Greenland 
CTme as a result the Bartlett Greenland Eipedition of 1&40 
Through Curator Waldo L. Schmitt there Wh, accesaioned a large 
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mllection tif iiiiirin« iiiverlcbtatcs token in the course of i.Iie Alasko 
king crab investigations of the Fish ond TVildlLfe SerTice. From this 
some Service there iv»a trariKferred a lot of ncmerteon worms collKd.eU 
by the Atbatrofa and Fish Hawk. Outstanding elfio was a large col¬ 
lect! on of mollusks, echiiiofierm», crustaceans. miscellaneouB inveite- 
bratee, and 182 bottom samples obtained by KmithrII Hawkins^ Jr., ou 
Xlf30 and 1940 cruises along the west coa^ of Baja California and in 
tiie (iulf of California. Over 3^000 selettcd ninllimcan speeimens were 
obtained by purchase through the Frances Ijca Chamberlain Ftititl. A 
remarkabi V fine collection of over 3,000 Samoan shells was contributed, 
as well as i,0(K) land and fresh-water shells from Teacas. Several inter¬ 
esting lota of cchinoderms were added, chieQy from the Antarctic 
region, from Green laud, and from the AbrolUoa Islands, Western 
Australia. 

About 211,000 plants from many sourcea were added to the collections 
of tbo National Ilarbanuin. 

(?eo?o^.“Many clioicc minerals and gems were acquired throng 
the Canlield, Koebling, and Cliambcrlam funds of Ihe Smithsoman 
Institution. Tlio finuat mineral specimen is an 1,800'Carat aqua- 
marina cryatal from Agua Preta, Brazil, showing the mre l«rj'lloid 
form. The exteusive Diaz collection of Mexican cassiterites and 
valuable oets of minerals from Boliria also ate noteworthy. Gems 
added included a biilllant cut purple enclnse of 4.6 carats from Cey¬ 
lon, and a greenish-yellow Jt-carnt unclase from Brazil. Anotlier 
important acquisition cunab-ted of CS) Brazilian gam stones trans¬ 
ferred from tiic United States Treiwtify Department. The out- 
st.’inding addition to thn meteorite scries was the Sardis, Ga., speci¬ 
men, an alLerod iron, weighing 1,760 jiounds, the fifth Inigent aingla 
meteorite ever found in the United States. Four meteorltic falls, 
all American, were represented ni specimens presented hy Dr. Stuart 
H, Perry, assmoiite in mineralogy. A valuable series of tin ores 
resulted from Curator W, F. Foshagls stndiea for defenao purposes 
of the tin reHoiirces of Me^cn. 

Field work by nitunbcra of the staff yialded the bulk of the in¬ 
vertebrate fussiJ$ accessioned; About 8,006 Cambrlnn brachiopoda 
11 nd trilobittM from the Rocky Mountain region, MiwitJtiri, and tlia 
Appalachian Vidley; 20,000*post-Cambrian specimens from west 
Tennessee and Tesasj and 15,000 Devouinn fusails fi^m the varioua 
counties in <Jie geologically classic Lower PeninsiiTn nf Michigan. 
Much valuable tjqie material was enntamed in other miscclkncoua 
accessioiia. mostly gifts, including Upper Cmnbriaii invertebratCG 
from Texas and sOUthea.stern Missouri, Ordovician Bryozoa from 
Oklahoma, Upper Triasaic ammonitre from Nevada, and type foB- 
from tbe Ixaibab formation of the Grand Canyon. ImpC-rtajiL 
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lots of Foraminifem caitie from fluch widely separated regions as 
Peru, New Zeakudt and Arabm. Casts of 256 type speriuiens 
of tbe fossil sliell Turritella^ fmm ths TerLiary rocks of the Pacific 
coast, comprised an outstanding addition to tfie Cenozoio ooUectionH, 

As a r&sult of paleontological field work in central Utah sareral 
articulated Upper Cretaceous lizard skeletons {P<^lyglrfphanodc^n) 
Eind fragmentary mammalian jaws and teeth from the Faleocene 
were rccelTed^ in addition to 14D lota of vertebrate foi^ila collected 
from the Bridger Eocene of southwestern Wyoming* Abo worthy 
of special mention among the new vertebniie material are the grejLter 
part of the skeleton of the primitive mammal UintatAeriurii^ a partial 
skeleton of tk P^iliicoA^opiij and a perfect skull and jaws of the dog¬ 
like Thinocf/on^ w/o®. Parts of several fosed whales and porpois^^ 
fixim the Miocene Calvert formation of the Chesapeake Bay 
countTji were acquired* 

Engifu^ng i^ut indv^trieii .—To the section of transportation and 
civil engineering came an operating cjcliihit of the Westinghouse 
air brake, and tliree fine ^ale modeb, the Polish motorship 
the Kolb Boyce automobile NiZv^r and the diesel-engined 

trawler SiornL. 

A imique accession in the iseciion of aeronauticsT received ^ a 
transfer frcin tlje Navy Department, was a fighter airplane known 
ns ^e Curtiss Sparrowhawk^ a tjpt developed in 1^31-35 as on 
auiihary fighter to the dirigibles and dforon. Several inter¬ 

esting airplania models were received; The original model uf a nteam^ 
engined bombing helicopter designed In Civil War times and scale 
modeb of the Columbia monoplane (1&10K the trlplnna bomber 
(1918) I the U. S. Army pnr^t typo P-35, ti^e U. S* Army trainer 
type BT^, and the amphibian SBV-3N* 

In mechanical engineering the outstanding nccession woa an excep¬ 
tional operating mi^el msde by Howell M. Winalow of a Ecjnolds- 
Corli® steam engine of about 1000. The eectioa of eli^lrical 
enginccrijig and communication received throe original Planto stor¬ 
age battery plates and two replicas of tlse posted plate batteries 
made by T. A. Willard in 1831 1 also the tone arm of a modem 
photoelectric phonograph. 

One of the moel spectacular aoqubitiona in recent years is the 
03-dial dbplay clock made hy Louis Zimmer, of Lier, Belgium, for 
the Enissels World^s Fair in 1035, It is 14 feet high, tells the stand- 
ard time of many pbet^ around the world, the tides in various 
par^ and a great variety of edfindar and a^onomical events. The 
section of wooeb and wood technology received the first letter file 
made to handle ^rrespondence unfolded and vertical An important 
anr generous gift to the division of graphic arts was a collection 
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of 200 Currier and Ives prints from a donor, -who in addition lent 
1S3 others. Theirs came also as a loan the orisinal camera bdieved 
to have bftsn used around IBM hj Dr, John W, Draper, the eminent 
American chemist anti phjsiolojpst, vrliile a merohor of tiia faculty 
of Hampden-Sydney College, Riclimond, Va. 

ffiftory.—Nearly LfiOO objects of historic and antiquarian interest 
were accessionwl, iocludine costumes, or mementos of such 

ontsUindiiig Americans ag xVbraham Lincoln, Mrs. Andrew Jackson 
Donelson, Col, Samuel Simpson, William Jenninea Bryan, HcuTy 
B, F. Maefnriand, and Brig. Gen. Coleb Cushing. The niimismatic 
collection was increased by 176 coins and mednlE, including a senes 
of United Statea bronze, nickel, and siker coma struck at the Dwiver, 
Fhiladelpliia, ond Snn Francisco mints in 1&14; and the philateho 
collection by 1,310 stomps ami other items. 

EXPLt^ItA’nOKS AXD FIELD WOHlt 

Field exploraliou by the MuHeum's experienced stafl and its cnl- 
laborntore continues as one of the moat important ®>ureea for addi¬ 
tions of new mnteriala in the broad fields of anthropology, biology, 
and geology. As in previous yeare this work was financed in the 
main through funds provided by the .Suiithsonian Institution or 
through intflWisted friends of lha Institution, Thu spsjcimens 
obtained haw filled many gaps in the Museujii’s scries. 

Anthropohpy.—Dmins August and September, 1940, Dr. T. 
Dale Stewart, associate curator of physical anthropology, eontinued 
excavations at the historic Indian village site known aa Patawomeke 
on Potomac Creek, in Stafford Cnirnty, Va., completely exploring 
the ossuary discovered last year. The work this season yielded a 
number of facta that verify or supplement the meager hMori^l 
records pertaining to the burial ceremonies of the Vn-ginia tide¬ 
water Indians. Of the approximately 100 skeletons encountered in 
the ossuary, the ma]‘ority bad become diaarLieuJated, or were dis¬ 
articulated before burial. A few, howcver-approsimalely a dozen 
udults-werc observed to fully articulated. These were found on 
the bottom or along tlie sides of tlie pit and hen«i may Iiave been 
the first bodies received into the gnivt Moreover, o-U these artic¬ 
ulated skeletons are possibly males and liatl their arms extended 
along their sides as do the bodies slmwn in John White’s picPire of 
a death house, which was drawn during Ida visit to Roanoke Island 
in 1585. Alsu, all these skeletons had their lowfir legs flexed un- 
naturallv forward, which would have bean a practicable way for 
shortening an extended body resting on its back. The™ is evidence, 
on the other hand, that the diaartleulated skeletons were exposed 
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fur K cansiderHble pcricd before buriiil; in ti«r«rn1 esses mud dauber 
nests werci found in tli« KkuU or amon^ the bundJed boneti. This 
finding indjeatiis tlmt the period in irhicii dietw iHidies were exposed 
ill an op(*n dentil house included at least one warm season. 

On February 27, 1941, Dr* Stewart trout to Peru in connection 
with the program sponsored by tho State Department for cultural 
ctjojienition with other American republics. In Lima, through the 
kindness of Dt. Julio C. Tello, director of the Museum of Anthro- 
Magdiileiia Vieja, he had tlie privilege of studying two flocu* 
moDlcd aeries of human skeletal remains, one from Paracas ond the 
iithur from Moiena. These t.wp series aro mteresting for comparison 
because that from Pnrscus is very early, whereas that from Rfalens 
IS lata coastal luce. The iParacaa people, although rulatiTely ancient, 
were far from being primitive in the cultural sense, Tlieic textiles 
are famous and among the finest prodm-sd anywhere. IThile in 
Lima Dr, ^ftewart visited many of the nearby rultis and ancient 
Indian sites. From these trijja Dr. Stewart brmight back a Hiiiall 
collection of the more interesting skeletal remains to supplement 
ejirlior collections. 


During the week of March 30 Dr. Stewart repre.sentcd tlm Insli- 
tution and the National Gaugniphic Societv at the Third Areembly 
of the Pan American lusiitute of Geography and Hi^torr meeting 
in Lima. Following the Assembly he visited the Miiseo Arqueologico 
“Rafael Lareo Herrera” at Cliidfn, where, tiirough the kindness of 
Sr. Rafael Larco Hoyle, ha was able to study a documentod series 
of Mocbico and Cupianitpie skelctona. These remains are frtini the 
oldest cultural periods of the northern coaai. From Chiclin Dr 
Stewart ivent south to Mollendo, and thence by way of Arequipa 

the fine collectton of nnimmies and trephined akulis at the Univeraitr 
of Cusco and ilte Iimtituto Atqueoldgico. 

Dr Waldo R. Wedel, ass^taut curator in aidieology. was in the 
field frem June I to Sep^nber 10,1940, continuing the tut ion’s 

Rheological survey of Kansas, begun in 1937. The 1940 explore- 
hons were carriL^ on at several locations in Rice and Cowlev 
Counties Preb mi nary excavations show that the sites investigated 
iiRk vdk^ mhabltecl by semiredeutary, partly hoiticnltural In¬ 
dian, who did not live ,n earth IiKlges, Tlie» people made pottery, 

^ iii stone, bone, horn, 

«d shell, with the Pueblos on the Rio Grendo for liirquoUe, 

pottery, ajici obsidian, and were in .contact with white men. Fret!- 
meiits of glazc-paiiiL pottery represent tyiws made on the Rio 
Gren^ between ip and ItHW, and bits of chaLi mail sugawt a 
visit from some of the early SpanLth explorcta. Tt is timtatiTely 
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suggested that these remains, widespread in central and southern 
Kansas, may be of Wichita origin, and possibly represent some of 
the QiiiTira villages seen by Coronado, Humana, Bonilla, and Ohate. 

During the period from December 5 to 12, 1940, and again in 
May 1941, Dr. Wedel made a brief reconnaissance in the Holston 
Eiver drainage near Saltville, Va. A number of extremely promis¬ 
e's prehistoric village sites and two apparently affiliated burial caves 
were visited, and a local collection was studied. No excavations were 
undertaken. The cultural materials indicate some relationships with 
Middle Mississippi remains in Tennessee and adjacent States, but 
pending more extended studies their exact position culturally remains 
uncertain. 

Walter W. Taylor, Jr., collaborator in anthro^logy, inaugurated 
archeological excavations in the state of Coahuila, Mexico. From 
January 1941 to the close of the fiscal year, Mr. Taylor surveyed a 
wide area in the various mountain valleys around Cuatro Cienegas 
and excavated several small caves and one large cave. The principal 
purpose of this program was to determine the relationship between 
the prehistoric cave inhabitants in this northern section of Mexico 
and the inhabitants of similar sites in the Pecos River and Big 
Bend area of southwestern Texas. A superficial relationship seems 
evident from Mr. Taylor’s field reports, but final conclusions must 
await a careful comparison of material in the Museum. 

During October and November Dr. Alexander Wetmore, 
Assistant Secretary of the Smithsonian Institution, visited Costa 
Rica as part of the program sponsored by the State Department 
for cultural cooperation with the other American republics. He was 
received with every courtesy as the guest of the Costa Rican Gov¬ 
ernment, and in San Jose, the capital city, he worked at the National 
Museum and visited and conferred with officials in various branches 
as well as with scientists in other services. Following this, accom¬ 
panied by Dr. Juvenal Valerio Rodriguez, director of the National 
Museum, and Carlos Aguilar in charge of the zoological collections 
in the Museum, he crossed by air to Liberia, the principal city of 
Guanacaste, the northwestern proirace of Costa Rica. From this 
base collections of birds were made in the surrounding country. Dr. 
Valerio returned to San Jos4, while Mr. Aguilar remained for train¬ 
ing in zoological field work. Guanacaste is devoted mainly to cattle 
raising, with small cultivation. Liberia lira on a slightly elevated 
plain east of the swampy lowlands bordering the Rio Tempisque. 
For more than 2 weeks Dr. Wetmore and Mr. Aguilar were located 
at a great hacienda on the southern slopes of the Volcan Rincon de 
la Vieja where there was access to heavy rain forest on the mountain. 
Collections were obtained for the National Museum in San Jos4 as 
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well as for our Institution. The seTerai hundred birda tliat huro 
come tjo ‘WaaMngton m a result of tliia work add measurably to our 
scries^ os our earlier investigations of the birds of Costa Kioa did 
not cover Guanaeaste. On his return ncuiH at the end of Ifovom- 
fcer Dr. Wetmore had opportunity to spend a day in Habana, Cuba, 
where he was rceeivcd by rep resen tattvee of the Cuban Govenmient 
and conferred with p»v>piinont f^ricntists of the countryi^ 

From i^larolito iiay^ IMI, Dr, WetTnore visaLed Colombia In con¬ 
tinuation of the pni^rani jjieiilloiEed for closer personal contant and 
t:otii^eratiGn with scientists in our neighliiw republics. In Bogotii 
ho waa received at tiio National University^ where he worked par¬ 
ticularly in the Instituto de Ciencias Xatiiralea. Ha alsn conferred 
with Eolenlista w!iq had been in attendance at the Eighth American 
BcientJdo Congress in Wnshington ths y^r previous^ and visited 
scientiric workers witli whom ^e Smith^nian Institution has bvou 
in contact through corries|>ondence for yearo. Follow tug Lhia, with 
M. A. CarrikeTj Jr., as assistant^ and accompanied by Dr* F. Carlow 
Lehmann and his assistant from t)ie Tnatitido de Ciiuicioa Naturales 
and hy Lt. Alejandro Kubiauo as a representative of the Cotombian 
Govenunent^ Dr. Wetmore sei out fn.mr Santa Maria on a pro- 
longfol expedition through the Guajira Peninsula. The party 
traveled by truck to Eiohocha fitopping Pii muio for work in ex¬ 
tensive fortfial arra^ near the H!o Ariguani and its tributaries. Here 
in 8 dajrs’ iiine specimens of 100 diatitict Bpecjes of birds were ob¬ 
tained, an indication of the richness of the fauna. In Biohacha the 
party obtained another truck and here entered the Guajira proper. 
The peninsula in tho main is an arid, de*5ert country with extenBive 
opHu sav annus imd broad stony plainly grown in places ^vith heavy 
stands of mesquite and eseti that form verSfahle forests. In tht* 
eo^arn ^tion there are low mountains with trails along their bases 
passable for heavy tnjcks except during the p^^riod of rains. On 
the higliKst range where the trade winds build a cloud cap with con¬ 
sequent mors or lei^ regular precipitation in oDutra^'t to the dof^rt 
below, there is an island of tropical rain forest with the species 
usual to such an environment, hero isolated by long disiBneaH from 
other similar areas. Dr. Lehmuuu und Lieutenant Bubiano com¬ 
pleted their work with the party in April whiia the others eoDtlnued 
to the forest^ region mentioned. On the return tho middle of May 
it waft necessary because of disrupted steamer ochedulea for Dr* 
Wetmore to cross by schooner from ^erto Estrelloj in the Guajira, to 
the laland of A^ruba, Here after a 2-day wait he obtained plane 
passage to Curasao, and from Ihene »iile<l for Now York. A stop 
en route at La Gnaira, Venexnela, gave opportunity to visit CaracaSi 
where he ivas guest of honor at a luncheon giv^n hy W* H, Phiflpa 
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to a croup of VeiiezticlftP scifsiitifits, ond Uad opportunity to visit 
Hia cow Musts. Kftcional acd the Soeiedad VenezoIftCft da Ciencias 

^ Mr? Carriker, whose expenses for this wtirk in Colonibia were 
carried by the W. L. Abbott fund of the Smithsonian Icstiiulion, 
continued in the held in tlio Gimjira until bte m Jane JJ® 

investipitions* At Uie end of tlio fiscal year he was looted in the 
Sierra Negro in the nortliem section of the Pcn|d MouutainB, a 
rceion previously unknown to naturalists, . j ** 

The collecting oxpci^tinns by W. M, Perrygo, science ai , 
obtain much-needed material for the of 

of the Appalodiian region* were continued 

panied by Jolm S. Webb, of the .livision of ’’1 *t^r.tawba 
Cnrolinu on September 14, im working first along the t-^tawba 
Kiver and in the wootlcd tegiona of the Piedmont re^on 
coUectitic in the awamps along the P«5 Dee River, Tim imddle of 
October he continued southward to AUemlale to complete work Imgun 
h?the spring months along the Savannah Bivei. T^wo w™ 

spent in collecting along the Lynches ^ 

iC, and the final atny centored around 
thTealt mcireliea near tho Capo Kom^-^ ^ 

expedition returned Deroinher 3- This work ^ was financed 

through the W. L. Abbott fund of the Smithsoman. 

Dr^Waldo L. Schmitt, curator of marine invcrtebrot^ during 
tho latter part of 1940 eerred na biologic and leader of the field party 
organized^ the United States Fidi and Wddhfe Sejvice for the 
dS^mhb of ^vestigatins th» biology of the king crab m Al^a. 

,^rte,= n. C«i« B.y.o* to northwest cor..^ “"A*;"™ 

in™iig.tion. wore ewrisd »" suco^tiilly fori 
opetstions trthsfcrmi to AlitJt st ““ 

Work «t » Biij bose oa the north siJe ot SheiikoJ MSt of 

St B.y, from Soten.ber li to 20 ended the ...vesti^t one for 
Ui^ason which in eddition to oimrentione on the dirtnhntion ud 
Wolosy of the king creb yield«l nn entcnsiwe collection of merino 

“SnclTat^h^erilS^nt oniMOt of nnmne invertohnito, 
Clarence Eljig undertook a S-weeks’ collecting 

The eeiliilicn retiltned with much mtciesting nmlcnnl to the 
Mnscnnrthe t«rticol.r obj^ being to eelcnd the study eern* of 

esrtain rare species from this rigion, w -l ■ j *i i j 
Tho Smiths^ion-Firostooc Expedition to Litena imder the leader- 
riiip of Dr. W. M. Uimn, Director of the Ketionsl doolojpc.1 Perk. 
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obtained for the Museum a large amount of zoological and botanical 
material, including many novelties, from a region of the world 
hitherto poorly represented in our collections. Although started 
early in 1940, the expedition did not return until August 7, and is 
therefore properly referred to here, as the specimens brought back 
were accessioned during the present year. The story of the expedi¬ 
tion has been widely published, and a condensed account with illustra¬ 
tions will be found in the volume Explorations and Field Work of 
the Smithsonian Institution in 1940, pp. 13-20. 

As in past years, Capt. Robert A. Bartlett in his annual expedi¬ 
tion to Greenland in the schooner Morrissey brought back valuable 
additions particularly to the invertebrate collections, made with 
equipment supplied by the Museum. 

Dr. Hobart M. Smith, under the Walter Ratbbone Bacon scholar¬ 
ship, finished his field work in Mexico in August 1940, bringing 
back to the Smithsonian Institution splendid collections that in all 
comprise more than 20,000 specimens of reptiles and amphibians now 
deposited in the Museum. During July and August, 1940, he was able 
to study the collection of the late Dr. Alfredo Dug&s, which contains 
many type specimens of Mexican reptiles and amphibians. 

Dr. E. A. Chapin, curator of insects, spent 6 weeks on the island 
of Jamaica during April and May, 1941. Arriving there on April 
22, he was met at customs by C. B. Lewis, curator of natural history 
of the Jamaica Institute, who during the entire period of work 
assisted in various ways. Special trips arranged by Mr. Lewis in¬ 
cluded a day on Goat Island, 1 on Portland Ridge, 2 at Cuna Cuna 
Pass, and a 4-day stay at Cinchona in the Blue Mountains. Except 
for 8 days spent in and around Savanna*la-Mar, headquarters was 
maintained near Kingston and short trips were made out from that 
point. Because of the poor showing made in certain groups in 1937, 
it was decided to concentrate on the termite and ant faunas. In 
addition to various rare beetles, at least 13 species of termites, mostly 
of the type living in hardwood, were found, and at least 3 of them 
are additions to tlie Jamaica list. Other resulte of the work include 
the establishment of very pleasant relations with the Jamaica Insti¬ 
tute and the Government Entomologist’s Office. 

The United States Antarctic Service expedition returned from a 
year’s stay in the Antarctic with very valuable material consisting 
of mammals, birds, and a considerable collection of lower crypto- 
gamic plants. The Museum was represented in this work by Herwil 
M. Bryant. J. E. Perkins and M. J. Lobell were detailed to the 
expedition by the Fish and Wildlife Service of the Department of 
the Interior. 

Local field work in nearby Maryland and Virginia by various 
members of the staff has included investigations of Dr. L. P. Schultz 
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on frtsh-initer fiBlies. Botanists of tha staff gathered material for 
a proposed now Flora of the District of Columbia, the object sought 
Iwing a thorough knowledge of the Washington-Baltimore 

^?^oy_T7ridcr a coopemtive arrangeinent with the United 
States Geological Saney, Dr, W. F. Foshag, ciimtor of mmexalngy 
and petrology, accompanied by Carl Fries, of the Geological Survey 
staff, made a 3 month surrey' of the ^ purees of Mexico. All 
the important mining districts uf Mexico iticiuded within tha states 
of Michoaefio, Midalgo, San Lnis Queretnm, Agua^ahenta^ 

Jalisco, Zncateciui, and Durango were visited and the depwata atu^ 
03 to their geology, minanilogy, and commerernl iHitentialitics- The 
larecflt potential deposit are the placer simds derived from granite 
int^ions in San Luis Potosl. The davits in the rhyohtm rocka 
are, ill most coses, small and of little imimrtanco. 

Dr C E Kcaser, curator of Gtratigoiphie paleontology^ spent a 
months in field work, chiefly in the Eocky Mountaii^, by 

Charles II Frey, 3d, of T^ancaster, Pa- Dr. E«i«or left Wadimg- 
ton on dune 25, making first a brief stop in aouthweslem Virginm. 
His next obieciive was the Cambrian wsition in the Ozark Mountain^ 
where several days’ work enabled him to familiarnc himsidf with 
these strata. Only indifferent fossils were found, as most of the 
Cumbrian rock does not carry fossils. He continued then tj. ezanime 
Cambrian deposits in Colorrtdo in the Front, Mostiuito, and Sawatch 
RangCH iiud the Glenwood Springs Cimyoa- Ten days m the State 
permitted exumination of several sections. Dr, T. S. Lovenng, o 
Ohio State University, who was mapping the region about G^n, 
assisted materially in showing the sections Uieie. At the Grand 
Canyon National Park in Arizona Dr, Resser warning new localiti« 
under the guidance of Park NaturaU^ E-lwin McKee duimg a i- 
ilav trip to Peach SpringH and Meriwitica Canyons, 150 miles west 
of Grand Canyon Village. Some foa^lls were found and rdiyaic^ 
measui-nments made. In the Wasitoh Mountnma the party cbcckcd 
on the posiUon of ci^rtain faunas and on the stratigrephy, which hud 
la-oti questioneiL Fine coficetiona were made at critical pomts. At 
the Green Kiver Lakes, one of the most beautiful spots m Ameiica, 
Dr. Re.=iser's party found a section 860 to 1,000 fact thick, representing 
both Middle and Upl«r Cumbrian, carrying a few foa^la. Stivarel 
sections were studied in Montana, notably on bquaw Creek m tlw 
Range, NewJand Creek, Little Direh Creek, and Di^p Creek 
in the Belt Mountains, and several Jocalitiea near rhrcc Forks, 
PiiFlicLilarly fim niixteriiil ’pras BBCUrcd at of diese. locaLliea. 

Advantagp. was taken of the new road constituting the northeastern 
ciilriuice to the YcllowfiLono to study the excellent section at Boar- 
tooth Butte. Here some good collections were made. On the return 
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journey a new section across the Big Horn Mountains was seen 
along Shell Creek, and about a week was spent in the Black Hills* 
During an earlier trip from May 5 to 15 to southwestern Virginia 
and eastern Tennessee Dr, Kesser examined outcrops of the belt 
west of Clinch Mountain to ascertain the faunal content of the Mary¬ 
ville formation* FossOs were scarce and very diflScult to free from 
the matrix* A visit to Austinville, Va*, furnished some excellent 
fossils, and observations confirmed earlier interpretation of the stra¬ 
tigraphy* The exact stratigraphic position of a new bracHopod 
related to Nimsia —as yet undescribed—was discovered* 

In August 1940 Dr- G- Arthur Cooper, assistant curator of strati¬ 
graphic paleontology, joined Mrs* J* H* Eenfro and daughter in 
Fort Worth and with the guidance of these expert collectors collected 
Pennsylvanian fossils in the region around Jacksboro and Graham 
in north-central Texas. An abundance of fine material for the 
biological series was obtained* Following 2 weeks in north-central 
Texas, Dr. Cooper went to the Glass Mountains in west Texas, where 
he spent another 2 weeks collecting limestone containing silicified 
specimens. About a ton of blocks was sent back to Washington, 
where almost half the material has since been etched with acid, 
yielding very beautiful rare fossils that preserve the deUeate spines, 
and peculiar features of the interior of the animals concerned in a 
truly remarkable way. Proceeding to west Tennessee he collected 
Silurian and Lower Devonian fossils along the Tennessee Kiver in 
localities that soon will be lost through the impounding of water 
behind the Gilbertsville, Ky., dam. At places the Silurian in this 
part of Tennessee teems with fossils of many kinds and fine col¬ 
lections were obtained, including new forms as well as many others 
not previously pre^nt in the collections. From there he went east 
to Murfreesboro, Tenn., where he joined Dr. Josiah Bridge, of the 
United States Geological Survey* They spent 10 days in the Central 
Basin of Tennessee collecting the fossils and studying the rocks of 
the Stones Kiver {Ordovician) group, as problems of correlation 
never satisfactorily solved exist in this area* 

As the vertebrate paleontological field exploration under Dr. C* 
L. Gazin, assistant curator of vertebrate paleontology, extended into 
the present year, but brief mention was made of it in last year’s 
report. The expedition, into central Utah and southwestern Wy¬ 
oming, was a continuation of previous investigations. In the Upper 
Cretaceous several additional lizard skeletons were collected; and 
in the Paleocene a considerable number of fragmentary mammal 
specimens* Interesting new forms contribute information to the 
known fauna of the Dragon formation* The bulk of the season 
was spent in the Bridger formation of the Eocene in southwestern 
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^V^' 0 [amg, where 149 lota of fosil apwiiiuena were obtained - A 
skeleton of Umiatheiittm complute tsnough to urticuljitfc for esM- 
bitioii, probably the moai complete skekton of this anUnEil yet dis¬ 
covered, was the outstanding eiaseimen collected. PartiiJ skeletons 
of Poiffiffwsyops arc also of high importniice. 

Short trips to the aiiccene along Chesapeake Bay for cetacean 
remains were made by l>r. Keiningtom Kellogg and other membep; 
of the staff. Many specimens from this unique faruia Lave been 
added to the ^i-oUections, 

A tiital of 2,J50&,871 Tiflitore at the various Muwum 
buildings was recorded during the year, this being yirtuaJJy the 
■tfinift oa for tha previous year- Tho high mouths this year were 
AngiiHt 1040 and April 1941, when 369,042 and 320,S94 visitors, re¬ 
spect! ^'cIt, were recorded- Tlie attendsnCT in tho four ^fuwum 
huildinga was as follo^vs: Smithsonian Building (umin liall closed 
from July 1 to Jmmary 19), 912,464; Arts and Industries Building, 
1,302,210; Saturnl History Builditig, 803,516; Aircraft Building 
(closed from Mareh 17 to June SO), IBSJlS. 

PithUi^ioM and priiitmg,^Th^ sum of $23,000 was available 
during the fiscal year 1941 for the publication of the annual repemt, 
Bulletini?, and priiceedings. Twenty-five publications were issued— 
the annual repewt, 1 Bulktin, 1 volume of Bulle^ 100, 1 separate 
paper frum another volume of Bulletin 100, 1 title page, table of 
cmitente, and indci of the Contributions from the United Stat^ 
Xational Herbariiun, 10 separate Prooredings papers, and 1 title 
page table of contents, and index of a Proceedings volume- P.u:- 
ticularly outstanding were tlia foUowing: “Lite Histories of &orth 
Ainoricon CurJtoos, Goatsuckers, Hummingbirda, and Their Allies,^ 
by Arthur Cleveland Bent (Bulletin 176); “ITie Pishes of the Groups 
Elflsmobranchii, BoliKcphali, Isospondyli, and Ostariophjsi Ob¬ 
tained bv the United States Bureau of Fisheries Steamer Amstrms 
in 1907 to 1910, Chiefly in tlm Philippine Islands and Adjacent Seas," 
bv Henry W Fowler (CuUctin 100, volume 13); “FiirtliSr Studies 
on the Opalinid Ciliftto Infusorians and Their Hosts” by Maynard 
M Metcalf* “The Cuban Opereulnte Lund Mollueka of tha Family 
Annulariidic. Exclusive of the Subfamily Chondropominae," by 
Carlos de In Torre and Paul Baitsch; «A Supposed JellyfiHi fmm 
X Pre-Cainbrian of tha Grand Canyon," by R S. Ba^kr; “Notes 
on Birds of tlic Guatomnlan Highlands," by Aksatidcr IVetmore; 
and “The Cliicora (Butkr County, Pa.) Meteorite," by F. W. Preston, 
E. P, Henderson, and Jamea IL Eomlolph, 
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Volumes and ^p&ratcs distributed during the year to libraries't 
institutions, and indiriduals throughout the tvorld oggregM^ted 32,170 
copies. 

Spei;iei #raAilTij.—Fourteen special exhibits were held during the 
year under the auspices of varlouK etiucational, scientidc. recn'etiunal, 
and goTemmenUl groups. In addition (he department of engineer¬ 
ing and industries arrangwl 17 sinjciiU displays—8 in graphic arts 
and 0 in photography. 

CHaxoES IS oaOA?i 17ATHJX asd staff 

In the department of anthropology, Dr. Joseph E. "Wccklcr, Jr,, 
was appointed ui^istatit curator, dirlsioii of ethnology, on ^larch 1, 
1041. 

In the departmout of biology, on the retirsmsnt of Gerrit S. Miller, 
Jr., curator of the division of mammals, the duties of tins olfict^ 
were, on January 1, 1941, iiKSUHusd by Dr. Remington Kellogg, nd- 
Taniml front the position of assistant curator. To the division of 
insects Dr, Richard E. BImJtwelder was appointed aa ussistunt 
curator on October 1, 191U; to the section of taxiilemiy Edgar G. 
Layboumo was appointed senior scientific aid on March £0, 1941, 
and to the division of birds, John S. IVebb wiu) appointed scientific 
aid on August 1, 1040. 

In tlie depaitiuent of engineering and industries, to the illvletnn 
of graphic arts Irwin Lefcourt was appointed ecienlifio aid, on 
September 3,1040. 

Other changes in apjaiinlment on the staff were as follows; EUsn- 
beth P. Hobbs to a.ssistflnt librariEUi, on IC, 1941; Rtilph A. 

Silbaugh, foreman of laborers, on January 16,1941; David L. Htibbs 
to acting foreman of laborers, on September 1, IMO] Ernest Desaniia 
to lieutenant of guard, ou July 1, 1040; and two prineipnl guaida 
(sergeants), James C, Clarke, on July 1,1040, and Uoscom F, Gordon, 
on Maruh 16,1941. 

Honorary appointments in connection with the Katlonnl Museum 
coUectiojis were made by the Smithsonian Institution as follows; 
Ou July 1,1940, Walter W. Taylor, Jr., as coliaborutor in the de- 
paitmeriL of anthropology; on January 1, 1941, Gerrit S. Miller, Jr,, 
as associate in the department of biology. 

The scientific staff lost the services of Miss Margaret W. Moodey, 
by resignation, on May 31,19-41, 

Five employees were furloughed indefinitely for military Bervice, 
namely: Robert E. Kirk, on October 4, 1010;' John J. Queeney. on 
August 16, 1040; Charles E. Stotuland, on November £7, 1040; 
Charles A. Bono, on May 31, 1941, and George V. WorlhkiEttjn! 
on August 21.1940. 
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During the yesir 13 persons were retired, as fallows: Through iige; 
Gerrit 9 . Miller, Jr., curator, division of snammals, on Decwin^ 31, 
1!)40 with 40 ye*ra 10 months of service; Gertrude L. Woodin, as- 
sisUnt librarian, on Jimuaiy 31, lUl, with 34 years 11 months of 
service; Joseph T. Saylor, forenuin of laborers, on Discember 31,1940, 
with 30 yejjr* S months service; David H, Zirklc, guard, on June 
30, 1941, wtih Ifl years of service; Hattie L. IIen™n, diarwoman, on 
March 31, 1911, with 19 wars 0 montliE of stii-vice; and Emma D- 
Whitley, dtarwoman, on March 31, mU with 15 years of service. 

Through optiannl retirement; Anne J. 9* DrPue, telcpho'ne oi^in 
ator, on November 30, 1940, with 40 years 5 months of service; and 
Doiialil MacDonald, guard, on September 30, 1040, with 33 years 9 


months of aervico. 

Thrtmgli disability retirement: Trcaavant Andetson, guard, on 
March Si, 1941; Eugene Smith, guard, on June 18, 1941; Anna iL 
Bowie, laborer, on March 14,1941; Charles Davis, laborer,on June 30, 
1941, and Liah Mvers, laborer,on April 30,1941, 

Thrniigli death, the iluseum lost during the year two employees 
from its active roll, Clayton K. Denmark, engineer, on Dwiimber 
1940, and William G- Shields, guard, on May 31, 1941- I'rom 
list of honorary workers, the Museum lost by death, on Janui^y p, 
1941 Cliarlua W. Stiles, associate in zoology, division of marine in- 
vertebrales, sin« April l7, 1804, and on June 4,1941, David I. Bush- 
neU, Jr., who servwl temporarily from May to Juno 1913 as aTCheolo- 
giat and from July 27, 1932, to his death us colkborator 

in anthropology. 

Kespcctfully aubmittwl- _ . ,. . « 

AnESANUEit Wetmore, Aftittant JSecr^loiy^ 


Da. C. G, AuuM, ^ , 

Sfcreiaiy, SjTathsoaian Instttufton. 


APPENDIX 2 

REPOnx OX THE NATIONAL GALLERY OF ART 

Sib: 1 h&ra the liotior to submit, on behalf of the Board of Truotces 
of tlio Nittlonal Gallerj of Art, tlie fourth an n uni report of the Bonnl 
covering its opera tiunn for the fiscal year ended Jano 30, 1941. 

Such report is being made pursuant to the jirovi^ionB of the set of 
March 24,193T (GO StaL 51), as ainendeil by the public resolution of 
April 13, 1930 (Pub. Res, No. 9, TOtJi Cong.), Under this act Con¬ 
gress created, in the Smithaonian Institution, a bureau to be directed 
by a hiaril to be known as the “Trustees of the Kattonal Gallery of 
Art,” charged with the maintenance and administration of the Na¬ 
tional GallHjy of Art, appropriated to the Smithsonian Imdltution 
the area bounded by Seventh Street, ConaLiintion Avenue, Fourth 
Street, and North Mall Drive (now Madison Drive) Northwi^t, iti the 
District of Columbia, as a site for a National Gallery of Art, and 
authorized the Smitbsonian TuHtitulion to permit The A, W. Mellon 
Educatioua] mid Charitabla Trust, & public charitable trust estab¬ 
lished by the late Hon. Andrew \V, Mellon, of Pittsburgh, Pa., to 
construct thereon a building to be designated the “National Gallery of 
Alt.” Further, the act authorizes the Board to accept, for the Smith¬ 
sonian Institution, and to holil and administer gifts, bcquesla, and 
devisies of money, Securities, or other'property for the benefit of the 
Netionnl Gallery of Art j also, under tlie creating act, the United States 
is pledged to pwivide such funds as may be necessary for the upkeep 
of the National Gallery of Art and the ailministrativc expenses and 
costs of operation tliereof, including the protection and care of the 
worha of art so that the Gallery shall at ^ times be properly main¬ 
tained and the works of art exhibited regularly to the general public, 
frets of charge- 

ooiiPLunoH' Axo ocoirpATiOK or the o.mJjEht nuiLDnco 

Formal notice of the completion of the National Gallery of Art 
project, calling for the construction of the Gallery building and the 
landscaping of the area appropriated for the aite of the National 
Gallery of Art, in accordance with plans and specifications approved 
by tlia Comnussion of Fine Arts, was given by the Trustees of The 
A. W, Mellon Educational and Qiaritable Tnifit. under date of No¬ 
vember 30, 1040, to the Tnistees of the National Gallery of Art and 
the Smithsonian Institniton, and os provided in the trust indenture 
34 
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linled Jimfe 24,1937| tlie logoi dtlo to the building was deemed fortli- 
with to be Teifled in th® Smithsoubn Institution, of which the Katioaal 
Gallery of Art is a human, and the maintonunce and admiiiislration 
of the building and site became the eiclusive and sda obligation of 
ihe Trustees of the National Gallery of Art. A copy of the notice of 
completion is attached to this report, as exhibit A (not printed). 

The Gallery building was tamed over to tlie Trustees of the Gallpy 
oil December 1, H>40, and follow ing inspection and upon certification 
by EggCTB and HigginSj suoeeasora of John Russell Pope, arehitoet 
for the Gallery, aa to the final completion of the project, the Trustees 
of the Gallery, eta meeting held Decemher 10,1910, formally iicceptcd 
the Gallery projecU Copy of tha arcltitcct’s i-ertLBeate is attached 
to this report, as exhibit B (not printed). At this meeting the mem- 
bera of the Board expressed great satisfaction with tUo conatniotiuii 
of tho GaUflry building, »s finally completed, and tbair appreeiation 
of Uio eJlorts of the Trustees of The A. W^ ilcllon Educational oiid 
Charitable Trust, tlw survising Tniateea bebg Paul ilellon, Donald 
D. Shepard, and David E. E- Bruce, in the erection of a Gallery build¬ 
ing of such monumental eliarocter and such outabinding architectural 

The Tnoitoes have been appriaed that the total cost of the Gallery, 
including appnuichcs and the landscaping of the site, amounted to 

$15,0aS,5OT.6O, * , . , , 1 • <n 

The small nucleus of the Gallery staff, which was* housed m offices 
fumisheil hy The A. W. Mellon Educational and Charitable Trust, 
moved into the building on November 2T, 1940, and proc^drf with 
the work of installation of furnishings and equipment By lum¬ 
ber 1 1940 thfl nuclear staff, consisting of curatorial and clencal 
empinVees, mechanical, guard, and cleaning force, had been organ¬ 
ized sufficiently to take over the administration and maintenance 

of the Gallery building by tlie Trustees. 

During the firat days of January 1041, tbo works of art m tho 
ISfiallfln Collei'tion mo^ed itiUr the building, and during January^ 
February, and March tha worka of art in the Kreaa CoUection were 

received fron^ Sew Turk. * .1 t 

IriHUllation of the works of art m the two c^iUections m the px!- 
lerics prepared for them was undartaben immediately niam ^ir 
receipt in Uie new building, and was completed the first week of 

March. 

dethcatiok CEaaMO>Ti3 A?iD orEinNo or 

THE OALLEHT to THE rOOUIQ 

On the evening of March IT, 1941, S,S22 invited guests attended 
tha opening cemnomea. Indudwl among tha mvited gueste were 
tho m^bera of the Cabinet, Senate, and House of Bepresentetn-ea, 

45O0TT- ” 
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Governnki^nt iTfiiciiLln, lh« diplooiatk corps, artists^ art critica^ heads 
of educational institutions, persons generally interested in art, and 
other diFtingiuHlitHl guests. 

The ceremonies, u half-hour prograic, with Chief Justice Cliarles 
Evana Hughes ils the pi^idlng officer, began at 10 o^ciock, with an 
invocation bj the Re reread 2fcBarney Thorne Phillips, Chaplain of 
th« Brnale. FoJkiwing a brief talk by the Chief Justice on the 
object and purposes of the GnUcrj project, Paul MelloHi of the 
hde AiuhiiW W. IMalion, tli^ donor of the Gallery, on behalf of his 
father and the Trustees of the Mellon Trust, presented the Gallery 
and tile Million Collection to tlie Nation. Samuel H. Rre^ then 
presented the Kress Collection of Italiaii paintings to the Gallery^ 
The Pi^idciit of the United States accepted the Gallery and tho 
Mellon and Kress CollectioTis on behalf of the people of the United 
States* A copy of the Preddent^s address, and that of Chief Justice 
HugliKS:, lire nitaiJu'd to LIiih us exhibU C (not printed)* Tlie 

ceremonies closed witJi the National Anthem, led by the United 
States ^^hirlne Riuid. During Lho early part, nf Lha evening, there 
was a preview of the GaHcry collections. Orchestras played in the 
garden courts, decorated with tlie famnns Widciicr c:u1 lection of 
acaciaHj wlilch had been given to tlio Netion for the joint use of tho 
Gallery and the United States Botanic Garden, and tropicsl plant «l 

On tliB foHnwing day, jSferch 18, l&ll, the Gallery was opened to 
the piililic and wae viewed by large crowds* In accordance with 
the decision of tlie Board of Trustees, the Gallery building Is open 
every day in the year, except Christmas and New YaaFy day* TTie 
hniUTi are 10 a* iiu to 5 p, ni, on week days and 2 p. m* to 5 p* m. on 
Sun<kys* 

OBUAATZATIUN ANh aTAFT 

Tlie statutory members of the Board are the Chief Jui^Lice of the 
United States, tha Secretary of State, tlie Sacretary of the Treasuryj 
and the Secretary of the Sniitlisunian Institution, ex officio, and five 
general trustees* The general trustees, serving during tho fiscal year 
endc[l June 30, 1041, were David K. E* Bruce, Duncan Phillips, 
Ferdinand Lammot Belin, Joseph E, Widener, and Samuel H. Kre.«B. 
Tn May lOil the genend trufitee^ eletited Ferdinand Lanimot Belin, 
whose tenn of office would expire on July 1, 1&41, to succeed him^lf 
OH a general truKtee. to serva aa wiinh until July 1, i&5L At tlie 
meeting of tha Board held on June 20,1041, the rcEignation of Chief 
Juslire Cliiirics Evam Hughes was accepted by the Trustees with 
great regret, to tsike effect July I, l&ll, aiiiJ in doing so the Board 
adopted tlie following rosolution^: 

Wlior^i^ tae Ilflnrtrablc Ctinriea Evcitlh Hashes hns as Chief JttaU™ 

of tliu Utilted stJitM atia hfka exauwqu^naj teiulerea hla realipiBtfao na Cliplmaa 
of llie Board of Tru«ces of me NaUonol GflUory uX Axt, eir«r1ve Jijly i, i04l- 
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And the Bctfird of TrustwAf hua teamed of his roH^EiiHLluD wltU 

prcfomid ; 

TJtercfuTt, r^ielt^rA, That tUfl nitfinbei^ of ih^ Board of Truntece record 

their MiiHP (j£ ihv !«» wbiob ilx; Oollerj' Itas eualaltiod la bcInfiS of tbe 

Eorvloe* of tlilifC Jni^tlca Hughes; 

And M it fliM rciolL'«t> That the Board horebj oxpreraea lia grateM nppfwla- 
Ltoo for the dcTotiBa with which he hJia carriDd out hXa duUcs as ChalrtUftn, 
:iiiil fur the wisdom oud liututlUig eourtesT t\hich he haa pjEdeJ the aJTflLrs 
of the NoUouai Gftllery during the cHtScal yoftni nf its fonmitlvg period; 

And be it /artAor rcxolrsd, TUul U*k Board wishes to expmai to hliu LU9 bleii 
rpgnrd nod beal wlfillps that he moj mjay many ypars nf hculth and bjitrpliKaa 
uflPT his lung mtoisr of dKflnJrnlBlicd puhik serrlce to his mnntry. 

Pursuant to tlie provision of tlie act of March S4^ 1037, the newly 
nppuinted Chief Ju^ice of iJifi Unitcid States, the Tloimnible Harlan 
F. Stone, who Biio^eda Chief Justice Hiifjhea, will serve as an ei 
ufiicto Inistue of the G&llery, 

The Board at its mmiial meeting held February 10, Ifrll, reelected 
David K. E. Bi-nce, Presifleni, Hiiii Ferdinand Lnmmot Relin was 
reelected Vice President of the Board to earva for the enduing year. 
The eseeutive officers who contiiuieti in office were Donald D. Shepai’d, 
Secretary-Trensurer and General Counsel j David E. Finley, Directory 
Hany- A. McBride, Administnitor; John Walker, Chief Curator; and 
Macgill Janies, Aaaistant Director. Oiher officers of the Gallery wm- 
tinuing in office were Charles Seymour, Jr,, curator of Hculpture; 
George T. JTeckert, assistant to the adiuinifitrator; and Stcrlmg P. 
Eagleton, chief enginaer and building superintendent. Dating the 
year Charles Zinaner was appointed assistant treasurer and the fol¬ 
lowing honorary officem were appointed by tJie Board: Alexander 
R, Eeed, building consultant; Alfred Gdffert, Jr., conauIUnt land¬ 
scape architect; and William A, Frederick, consultant horticulturist- 
The throe aboiding commltteea of the Board, provided for in the 
bylaws, ns constituted at the annual meeting of the Board, held 
February lO, 1&41, were; 

fafB cmTFK fiauiirmsi 

CbJer JiivUce vt the Ualtwl Slates. Cliarlca Braps Htwhea. 

Tbe Sccretury ut iheSnilUwiPDlau InstltatJun. Dr, C. 0, Ahbnt. 

Da vid K. IS. Brace. 

KenUsiLntl iJUjjiuGt 
Duqsui FbUlltis. 

ttWATfCX ixMMVrm 

The Swretiiry of dm TreasnrT, Dcniy SlgrKeiitliiii, Ji-- 

TTie SijcTP.tnry of Curtl^n IInlL 
DnTld K. K Brui’iL 
Furtllniaiid t4miiiDt B«lLxk- 
Bamuiol H, Kr*™ 
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Dflrjd K. E. Bnire. 

1>dru^o Ftllllnfl- 
Jiit&epb £]- Wldencr. 

Fer^llDpnd I^mmDC D^Hel 
DpTld B, PfnieT. 

Other standing conimUtees appointed by the Board during the 
jearr A. committee to mate rccominendatlong as to the acceptanca 
nr reijection of giibi of pro|}ertj oEiiar ilmn wot-hn of art, tnonles, 
and securities; a committee on public relations; and a committee on 
the build Ing^ 

During the firtst half of the year all of the ciril Eervice podtions 
fur the Galliiry staff bad been duf^ified and by llarcli 1, l&il, 
rically all of the initial staff of the Gallery, including tlic curatorial 
clerical, cizfdodial, and maintenance personnel bad been employed. 
On June 30, lUll, 229 civil service employees ’were on the Gallery 
staff. Among such employees were the chief docent, the libnirian, 
and the registrar. 

The cataloging of the works of art was completed so that it wm 
possible to issue the brst catalog of the N^atinnal Gallery by hlarch 
IT, 1041, the date of the openingp 

The guard force was organized to asjmre not only efheiency in 
the protecUou of the works of art and of the building and ground^ 
but uLiin to Bssnre a high quality of service to the public. 

AFFBOrBrATIOS79 

For salaries and expenses, for the upkeep and operation of the 
National Gallery of Art, the protection and care of tba works of art 
therein, and all adniioistn&tivH expeiisca incident thereto, as author¬ 
ized by tho act of kfarcb 2t, 1037 (§0 Stat. 61)^ as amended by the 
public resolution of April 13, 10:19 (Pub. Ees* No* % T6th Cong*), 
there was apprcipriated for the fiscal year ending June 30, 1049, tlie 
Htim of $533^00* Of the $300,000 appropriated by Congress for 
the period July 1, 1940, to June 30, 1911 (54 Stat. 137), 5298,543.14 
waa expended or encumbered, in the following detailed amounts, for 
personal services, printiiig imd binding, and supplies and equipment, 
leaving on unencumbered appnipriation of $1,450.66. This appropri¬ 
ation wa« ba^l, of course, upon part-year operation and expendi¬ 
tures were made tbeiiafrom as follows: 

lexraNUTTUnzs inn iJ^CTJSCBOjiJtcEa 


Poreoaol wrvieeH-. __—... 171, 75ML IS 

PriDUos antt bltnUnK___ - — _ __T,B5Z.5^ 

SuppUea and equirkmen l - - - --11®, 40i, 

TflUd -- --^2flS, 043,14 
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The total attendiuiee from March IT to Jima IM), the end of tliu 
fiscal was 7DS,leO, an avcnigo of peraons |«r day. Tfie 

greatest number of viaitors in any one day was 34,74S on March SS, 
l&4t- 

A booklet of fipneml information on the Gallery, containing a dieck 
list of paintings and sculpture anil floor plans^ supplietl from Got- 
ernment funds, has bceJi found of Rreat jusiatanco to the Tisitors to 
the Gallery. Thoro 13 no charge for this booklet and a copy is 
given to visitors who request one, 

PUBUCATlONfl FITNO 

Through the Publicationii Fund it was [losaible to have ready for 
the opening of the Gallery, not. only a catalog, but also a complete 
Book of lllustcntiniiB of all the works of art in the collections of the 
National Gallery; color repr^idactioiis; and poatcaiids, both in color 
and in block and while. These publications are on ijale at moderate 
roBt in the Informotion RoomaL 

oirrt faisre 

On March IS, mi, the Board of Trnstoes accepted from Miss 
Ellen T. Bullard and three anonymous donors a number of imiiortant 
prints; and again on dime 20,1041, the Board accepted a number of 
additional important pr’mta from one of the anonymous donore who 
had previously made a gift of prints to the Gallery, all of which are 
listed in exhibit D (not printed). Also on June SO, 1041, the Board 
accepted as a gift from Lessing Boscnwald of Jenkintown, Pa., ft 
collection of important engravings, etchings, and woodeats, which 
are listed in exhibit D (not printed). 

Din:$ or 

On February 10,1941, the Board of TtusIms accepted from hfrs. 
Felix iL Warburg the gift of two valuable paintings: 

Triutych aHribfttcd to tie School of rietro Loreuwm 
‘'The Pwflchlnf oC SmTonBrolfti*' hy Dflinenlco MotonC 

as a memorial to her huaband, the late Felix M. Warburg. The 
paintings have been received and wiU be exhibited with the Perma¬ 
nent Collection, 

On June 20, 1941, the Board of Tniatees accepted from Boncan 
Phillips, a trustee of the Gallery, the gift of an important painting 
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by ITonofd Daumier, eatitled “Adrice to n Ycmtig Artiint,'^ for ex¬ 
hibition Tvith the Permanent Collection. Also on June 20, 1941, the 
ihiurd accepted fi^nti ill's. David 1C E, Bruce the gift of a portrait of 
her father! the late Andrew W+ Mellon, by Ownld Birley, whieh has 
been huncover tba oiiaiite! in the Pounder^s Hoom. 

During the year other offers of gift« of works of art wpre m^eived 
but were not aeeepted liecauei?!, in the opinion of the Boards tl^ey were 
not eoimdered to be desirable ocquiEitiona for the Permanent Collec¬ 
tion os cinitainpliiUHl by geetiDn 5 of Che act of ifurch 24, 193T (•S4 
Stflt fil). 

CJTBFH OtFTS 

During the year Oiere were also gifts to the Gallery of fumkhings, 
equipment, tnateriala and siippliea, ornamental trpea and plants, lawiks 
and publications, from the Trustees of The A. M^on Educational 
and Charitable Trust and otliera. 

HALF, oa EXCHANGE Of WORKS Off ABT 

During the year no worka of art la^longing to the Gallery ware »old 
or exchanged. 


r^ANH OF wnsKa art to Tta: ijkUSMx 

During the year the foBuwing works of art ivero received on loan: 
An anonymous loan r 

20 IRemlirKadt Erinto-— listed ca tlie ntteebed nxMlilt D (not prliittid)^ 

From Dr. Hoi‘ace Binneyi of Milton, Mass, : 

A portrait i>f Tils ancMtiir, tbe Hanomble Hoiaea Blnnej, hj OUbert ^tiiAtt. 

From Chester Dak, of New Tork, the following paintmgs of the 
American School: 

jGLn BmlberL _ Forfralt of OKeabriclji^ Thaeber of MEliou. 

Tliomna Sullj __ —The Skard David Ctilldre^—Jiilln, Fcnllaitid, and SniplioEL 

jereminb Theas _ rortrait of a Woman la Rod Dresa 

JtJitt _ _ Portialt of John Rosb. 

Ttidmaa Bull;_Portrait of Mm, WUllani ClrllSLi. 

SL F* IL Mouse__ Portrolt of Mm Henry JoLib AiidiiDDtj. 

,-Portrait of a Lady^ 

From Snmiiel H, Kre£3 and the Samuel II. Kret^ Foundation : 

43 palnCIoss mid S9 pieces of scplptrire, Hated tu exhibit D (not prlntcil). 

From Tlie A. W, Mellon Educational and Charitable Trust; 

IBT pnlatlnea. nmnj- of nhlsh were former]; In the Clsile OllecHcm, for an 
ladeflaUc period to be bald for attid;, cxhlbUioB. or use aa may be prorlded by 
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thm ac^MtLoiiS commlttM. (&?e gUklMt 1>, not pE^nlt'd.) Tbc following pniat- 
logs from tbe t-^llettlon hnr* iHwn {ilMCvd on exhShiUcm ab UMm; 


ArUti 

Boberl Fek^- -- 

GUbvft Slunrt— _ 

Do---—— 

Do_-- - 

Do--— 

John WolliiiitfiQ- — - 

From Duncan Phillipa, k 

Artlit 

Oomt^ - -- - -- 

COOTtot- - - 


ilJiiEiJfnrI 

^ _ _ __ WHtlnmlcio Moofv, 

__ __ KicMrd T(ires> 

_ _ _ Giiergc Wrt«tilnfftcFn 

_ __^ Qwtie^ PonooJe. 

_ _ , .. - JojitirpL AAtbony, 

__ilaiy WoHoD MoitIb- 

trustee of the Gallery - 

>. The nalr>' Fauq. 

__ The Eocka at Otimns- 


FTtiin Jdhn Cooper Wiley : 

ntmina Icon «f tto (hlrtm-nUi isutuiy, fflr ptiid? Md rsWItltlun m tUc 
tion If c6t)FiliSpnM] doiltAlile- 


LOAH or w4«Kfl <jr aft jit Tim oAiiEET 

During ilie year no works of art Lelongiug to the Giillerj were 
pliiced on loan. 

bmtohatios asd HEFAitta to wokka of Airr 

Dating the year, ns authorized by the Bonrd and with the approval 
of the Director and the aiief Curator, Stephen Pichetto, consiilt* 
ant restorer to the Gallery, hm uudertaken such work of restoration 
and repair of paintings and sculpture in the coUect.on as has been 
found to be iieccssniy. 

Prior to the oiieninff of the Gallery to the public, the work was 
done at Mr. Pichetto’s studio in New York and all worfa of art 
have been returned in excellent condition. Since March 17, IMI, 
such work has hecn carried on in the restorer’s rooms at the 

Oallery. 

CmtATOBIAl, DETAJClilENT 

The curetoriol work during the first iiart of the year itmaiated 
in installing Uie National Gallwy collections and completing the 
work on dm catalog. The wialog was ijsmed at the opening of the 
Gallery, and cjjntains brief biographies of all tlic artists, description 
of the works of art, and notes indicating the date or approximaU 
date of the paintings and sculpture with such factual information as 
may bo of interest to the student. A book of illustrahooa of tlm 
patadngs and scnlptnre in the National Gallery was also issued under 

tba supervision of the curatorial staff. , 

During the year 619 works of art were submitted to tho acquisi¬ 
tions committee with recommendations as to the acceptability for 
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lb« eullection of tlie National Gallery ^ Ift vieits rtmde to privata 
coUectioTiB by various irtembeirs of tlm stall in eonnootion "with offers 
of jjift or loan; export opinion on 61 works of art waa gWao verbally 
to varioius membera of the piiblic| ainl 101 lettcia wore written to 
persona asking for historical data or other information re^nling 
works of art in their posseesioiiH. 

The curatorial staff also supervised the arrangement of temporaiy 
exhibitions held by the Gallery and ossihij^Ml in the W(>rk of the 
Educational Department. 

EDUCATIONAL FRtJOKAlU 

The docent staff has been organised so that there arc at least two 
public gallery tot jib ^verj dfiy and two auditorimn lectures every 
week. This program of instruetion for the public baa been found 
tij meet a definite need. During the jierind from March IS to June 
60, 1941^ 11^24 persons come to the Gallery as members of special 
groupa or organisations desiring specinl guidance by members of 
the docent staff* Many of these wore school and college groups, 
including boiii Instructors and students:^ from practically every State 
in the Union, 

Two thousand eight hundred and eighty-two indmdtials havo 
been conducted through the Gallery by membftPB of the docent staff 
in special gallery tours, avuilabia to the general public. Two thou¬ 
sand four hundred and eighty individuab have attended auditorium 
lectures on the coOection presented twice a week by members of the 
docent staff, beginning April 8, 1941. 

In addition^ members of the docent Htaff have conducted private 
and group conferences fnr 2SS teachers and other itidividuab inter¬ 
ested in snd learning about the GaDecy und the collcotiotL 

IJAEAUT 

Doolm and ealftlngs to the number of 162 were prcscntcil to the 
Galleiy; 1S6 publications were acquired through exchange; and *1 
books were purchased. 

FHOODOGRAPHIC D^FAITT^EK^T 

Since February 16, 1941, 6|350 prints have been made by the 
photographic laboratory* Many were used in connection with the 
openii^ of the Galkiy on March l7,1941- Others are t>n file in the 
library, where they are for sate end fnr the us© of the Gallery staff. 
Lantern slides made for use m connection wLtJi free public lectures 
in the Gallery numbered 341., 
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ExmBtTioNS 

Ftom Mhj 15 to June 5,19U, tm pxhibitioa waa held in the central 
galkr; on the ground fltior, of 200 Americnn water coloru selected 
by John Marin, Charles Burchfield, Buk Ulreich, and Eliot OTCtarn 
from a KationaJ Competition for the CaiTille, loi-i, Slsrlnu Hospital, 
held by tl»B Section of Fine Arte, Federal Works Agenjg^, Public 
Buildings Administration. was tho first loan exhibition held at 

the Gallery and proved a popular one both with dio public and with 
the critics. 

MEMOItnU. TABl^ 

At the annual meeting of tbe Board, on Fehruaiy 10, 1941, the 
Board atithnrlaied the erection of a memorial tablet to the lata 
Andrew W. hlellon, with an inscription in the wording appearing 
immediately IjoIow, under a bas-relief ptirtmU of Mr. Mellon to be 
done in marble; 

ANDnXIW WLLLLUI MELLON 
1S5.V1S)37 

lie pivo Uie BnlMlns, with 
hlfl CuUGCtlea. tor the toimdlns 
of tlila MatliHinl Ontlerr of ArL 

For (he whole earth Is tbo s^ptchre of 
ffliaoiia oien; and tbvlr atory Is not orPTRn 
ouly on atone nver their nntlife earth, hnt 
Utcs on far oway. witliouc itolble sytnbot, 
woven Into thn nlnlX ot other ntea's Uvea. 

TbU tablet was inaUiUed, prior to Uie opening of dip Gallery, be¬ 
tween the then two free otanding pillars in the lobby, facing the 
Constitution Avemtu entrance of the Gallery. The bas-relief portrait 
was eseented by Jo Davidson. The cost of the work was contriboteil 
by The A. W, Mellon Educational and Charitable Trust. 

coMXEHORATtvE TABiJrr ON THE BREC-riO!f tir ths mniAimi 

Also prior to the opening of the Gallery, the Board authoriaed, 
and there wna installed in the building, a bronze tablet recording 
tlie history of the erection of the building, with the names of the 
donor and others who rendered valuable aid toward tbe completion 
of the Gollery project 

U«»1<.»H1A1. PAK Fia TO BE»£PACPCW» OF THE NATIOKAL OAIAJOtT OF AftT 

At the annual meeting of the Board, held February 10, 1941, the 
Board set aside the four marble panels on tbe east and west walla 
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of the Constitution ATcnno eDtianco lobby fur tha names of impor- 
Lant donors to the Galieryj and arraiiffcd for the carving; at the top 
of one of the panels tlis wortls, ^Principal B^nefm^tore of Iba 
Xatianal Gallery of Art ” and bencadi^ die names ^Andrew William 
Mellon’^ and '^Samud Henry Kress.” Tlie Board fiirtJier authorized 
having such names carved in future as may be authorLzed by it. The 
carving authorized tij^ the Board wm completed before the opening 
of the Galleiy. 


AUDIT or raivATE funds of TUI GAi4.Errr 

An audit bos been made of the private funds of tlie Kathsiiat 
Gallery of Art for the year ended June 30, 1041, by Price, Water- 
house £ Co..^ a nationally known firm of pubitc accountantSi and the 
certificate of that company on its examination of the accounting 
records maintained for siidi funds has lieen submitted to the Gal¬ 
lery. The financial statement referred to above ia attached to thia 
report, as ejdi&bit E (not printed)< 

Respect fully submitted. 

F* Beun, Vhc PreiidmL 

Dr. C, G. Abdot, 

Scerei<X^j Smithso-nian. 


APPENDIX 3 

REPORT ON THE NATIONAL COLLECTION OF FINE ARTS 

Sm: I have the honor to submit the tollowing report on the activ¬ 
ities of the National Collection of Fine Arts for the fiscal year ended 
Jime 30,1941: 

Two ^quests were received, namely, $5,000 from the Cornelia Liv¬ 
ingston Pell Estate of New Tork, and $10,000 from the Julia D. 
Strong Estate of Washington, D. C. 

Several proffered gifts of etchings, miniatures, and paintings have 
been deposited here to be passed upon by the Smithsonian- Art 
Commission in December 1941, 

Eight special exhibitions were held in the foyer involving the 
installation of over 900 specimens. Eight special Graphic Arts 
exhibits were shown in the lobby because of alterations in the 
Smithsonian Building. 

Three paintings were restored for the Comptroller of tlie Currency, 
Treasury Department: “Portrait of Charles G. Dawes,” by Zom, 
“Portrait of Henry W. Cannon,” by T. W. Wood, and “Portrait 
of John Jay Knox,” by Eastman Johnson. 

Illustrated lectures were delivered by Mr. Tolman, the Acting 
Director, before the American Association of University Women 
on January 30,1941, and before a group of young Italian art lovers 
at the Ambassador Hotel on February 19,1941. 

APPHOPBIATIONS 

For the administration of the National Collection of Fine Arte 
by the Smithsonian Institution, including compensation of necessary 
employees, purchase of books of reference and periodicals, traveling 
expenses, uniforms for guards, and necessary incidental expenses, 
$41715 was appropriated, of which $32,006.84 was expended for the 
care and maintenance of the Freer Gallery of Art, a unit of the 
National Collection of Fine Arts, and $1,585 for the salary for 11 
months of one clerk in the Smithsonian Institution. The balance 
of $8,123.16 was spent for the care and upkeep of the National Col¬ 
lection of Fine Arts, nearly all of this sum being required for the 
payment of salaries, traveling expenses, books, periodicals, and 
necessary disbursements for the care of the collection. 
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THE S3IITHS0NIAN ART COMMISSION 

The twentieth annual meeting of the Smithsonian Art Commis¬ 
sion was held on December 3, 1940, The members met at 10; 30 in 
the Natural History Building, where, as the advisory committee on 
the acceptance of works of art which had been submitted during 
the year, they accepted the foUowmg: 

“SuDuy Slopes ” by Gardner Symons (1863-1930), Gift of Mrs. Louis Betts, 

formerly Mrs. Gardner Symons. 

"Portrait of George FuUer (1822-1884)," and “Self Portrait,” by WUUam 
Baxter aosson (1848-1920). Gift of Mrs. William Baxter Closson. 

"Portrait of Dr. WilUam H. Holmes (1846-1933),” by Nicholas R. Brewer 
(1857- ), Gift of Mra Nicholas Webster, daughter of Deljincey GilL 

After a visit to the National Gallery of Art bnUding, then almost 
completed, the members assembled in the regents’ room in the 
Smithsonian Building for the further proceedings, the meeting being 
called to order by the Chairman, Mr. Borie, at 12: 30. 

The members present were: Charles L. Borie, Jr., chairman; Frank 
Jewett Mather, Jr., vice chairman; Dr. Charles G. Abbot (ex officio), 
secretary; and Louis Ayres, Gifford Beal, Gilmore D. Clarke, David 
E. Finley, James E. Fraser, Frederick P. Eeppel, John E. Lodge, 
Paul Manship, Edward W. Bedfield, and Mahonri M. Young. 
Ruel P. Tolman, curator of the division of graphic arts in the United 
States National Museum and acting director of the National Col¬ 
lection of Fine Arts, was also present. 

The following resolutions on the death of Mr. McClellan were 
submitted and adopted: 

Whereas, the Smithsonian Art Commission has learned of the death on 
November 30, 1940, of Col. George B. McClellan, a member of this Commission 
since 1931; therefore be It 

Resolved. That the Commission desires to record Its sincere sorrow at the 
loss of Mr. McClellan, who as a man and a collector had the respect of the 
entire Commission. His advice and snggeationa were always timely and vaiu- 
abie, and as a friend be will be deeply missed. 

ResiAved. That these resolutions be spread upon the records of the Com¬ 
mission, and that the Secretary of the Commission be requested to convey this 
action to the family of Mr. McClellan with an expression of our deepest sympathy 
In tlieir bereavement. 

A set of rules for the National Portrait Gallery, prepared by Mr. 
McClellan, chairman of the executive committee, was submitted. 
Professor Mather offered an amendment to rule 3 which was accepted. 
By motion, the Commission adopted the entire set of rules as 
amended, subject to any later modifications that may be made. They 
read: ^ 
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SUtKJBSTIID BUI£3 FOB THE ADMISSION OF POFTBATTS TO THE NATIONAL POETHATr 
GAUJ3T FEEDlCATED ON THOSE OF THE BBlTlSH NATIONAL PORTBArr GAUJBT 

1* Admission of a portrait to the Gallery shall toe based prlmarJly oo the 
celebrity of its subject rather than on its artistie merit Such celebrity shall 
have been acquired from the subject’s contribution to the history or development 
of the United States regardless of his or her opinions, words, or deeds* 

2* No portrait of any living person shall be admitted to the Gallery unless 
such portrait Is that of one of a group of persons at least a majority of whom 
are dead, 

3. No portrait of any person dead less than 20 years shall be admitted to 
the Gallery except by unanimous vote by Individual ballot of those present at 
a meeting of the Commission, 

4 No gift or bequest shall be accepted or portrait purchased except by a 
three-fourths vote of the members present at the meeting of the Commission. 

The Commission recommended to the Board of Regents the re- 
election of John E, Lodge, David E. Finley, Edward W- Kedfield, 
and Paul Manship, 

The following officers were reelected for the ensuing year: Charles 
L, Borie, Jr,, chairman; Frank Jewett Mather, Jr., vice chairman, 
and Dr, Charles G, Abbot, secretary. 

The following were elected members of the esrecutive committee 
for the ensuing year: Herbert Adams, Gihnore D. Clarke, John E. 
Lodge, Charles L. Borie, Jr,, as chairman of the Commission, and 
Dr* Charles G. Abbot, as secretary of the Commission, are ex-officio 
members of the executive committee. 

The chainnan stated that as the competition for the plans for 
the Smithsonian Gallery of Art had come to an end and no funds 
had been obtained for further work on the project, there was nothing 
to report, 

Mr, Clarke and the Secretary also addressed the Commission in 
regard to the activities connected witli the recent competition for 
the plans for the Gallery, but no action was taken, although the 
members expressed the feeling that the Commission was ready to take 
active steps whenever funds were available to advance the project- 

the CATHERINE WAIDEN MTBR FUND 

Three miniatures were acquired from the fund established through 
the bequest of the late Catherine Walden Myer, as follows: 

22, ^Portrait of a Young Man,” by Moses B. BusseU; from Miss Alice G. 
Rogers^ Old Lyme, Conn, 

23, “Le Cbevaller Ed. van Coekelberghe do Dulxele of Belgium,” by an 
unknown artist; from Samuel M. Crockett* Lynn, Mass. 

24, “Antoinette Bates” by Tbomas Sully: from Mrs. Eva Wilson Cbadbonme, 
Wasbington, D. C. 
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lOAlffS 

Two Oil painHngs, “My Mother" and “The Dawn,” by E. Hodgson 
Smart, were lent by the artist 

Three poj^lels, “Tlie Clifts Aflamo.” “Portrait (Patsy),” and “Sun, 
shina and Pine Needlw” and seTcn oil paintings, “Lookinp Far 
Out," “Tlie Woodland Way,” “The Butterfly Dance,” “Joyous Cliild- 
tiood," “The Red Bam,” “Peonies,” and “Springtimfi,” by William 
Darter Closstcm, were lent by the artist’s widow. 

I/>iKa To DTHEn SrCSECOlS AND DRnANTXATIONS 

^ITie fnl lowing five paintings were lent to the Carnegie Institute, 
Pittsburgh, Pa., for a Surrey of Auierican Painting from October 
24 through December Ift, Jfl40: “Sunset, Navarro Ridge, California 
Coast,” by Ralph A, Blakelock; “ClifTa of the Upper Colorado 
River, Wyoming Territory,” by Thomas Moron; “htoctnlight,” by 
Albert P. Ryder; “Fired On,” by Frederic Remington, and “Visit 
of Niciyiemus to Christ," by John La Fargo. (Returned January 
7, 1941.) 

Two paintings, “The Cup of Dentb ” by Elihu Vedder, and 
"Christ Before Pilate,” by Walter Beck, were ient t*i the Howard 
University Qallery of Art, Washington, D. C., to be included in an 
eihibiliciu of Christian Ai-t in connection with the twenty-fourth 
annual convocation of tlie School of Religion from November 12 to 
December 23, 1D40, (Returned January fl, 1941.) 

One painting, “Shccpyard—^ronnlight,” by Horatio Walker, wsa 
lent to The Art Gallery of Toninto, Canada, for an eiiliihition of two 
Canadian paintcre, Heuntio Walker and Tom Thompion. The paint¬ 
ing was also shown in the National Gallery of Canada nL Ottawa 
and the Art Association at Montreal. (Returned April 28, 1911.) 


WfTHDRAWALS EfS" 


Two portraits in pastel, by James Sharpies {c.lT51-i011)^ of Gen. 
James Miles Hughes (lT5(i-1302), original member of the Society 
of tlio Cincinnati, and arrs, James Miles Hughes, hia wife, were 
withdrawn by the owner, Mme, Florian Vurpillot, on November 5 
1940. ’ 


Marble bust of Samuel Gompers {18r»C^li)24), by Moses W. Dykaar 
(1884^1933), was withdrawn by the owner, Tho American Pederetion 
of Labor, to lie eihibitcd at the De|Hirtment of F^W on November 
la, 1940. ’ 

An oil pamting, “My Mother," by E, Hodgson Smart, was with- 
drawn by ih owner^ Mr* Smart* on Xov^mber SO 1940' 

A pastel, “Sunshine and Pine Needles," by William Baiter Clotson 
(1&43-Ifl2<i), waa withdrawn by the owner, Mrs. William Baiter 
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CJosson, and presented to Mr, and Mr?. H. D. Droke^ WasJimgtan, 
D. C., on May 5,1941. 

An oil pamting, “Tlie Butterfly Dance,” by WllHam Baxter Cloe- 
eon (1848“lt>26)j was withdrawn by the owuer^ Mrs. “'iVilliam Baxter 
Closson, and planted to Miss Elizabeth Washington, D. C., on 
May 6, mi. 

M>AKS ntnt:aKED 

An oil painting, "Portrait ol Mary Hopkinson {wife of Dr. John 
Morgan),” by Bcnlaaun West, lent to the Masterpieces of Art 
ExbibUJoti at the New Tork World’s Fair, 1B40, was returned 
September 17,1940. 

A bnmze statue of Lincoln, by Augustus Saint Gaudetis, lent with 
tho consent of the owners, the estate of Mrs. John Hoy, to the New 
York World’s Fair for exhibition in the lilinois Building, was 
returned November 14, liHA. 

THE NATTQNAL tQLiLI!;i:muN OF FlWl! A^TTB KEFEIIFNCE LmitABT 

A to^il of 180 publ lent ions, indudin^ H6 acquired by purchaitQ 
acd S by transfer, were soecssioncKl during Oie year. 

Wnmr WAIiS) FUND 

The following two paintings^ purchased by the council of the 
National Academy of D^gn from the fund provided by the Henry 
Ward Ranger bequest^ wero recalled for fiction on the part of tlia 
Smithsonian Art ComEuksion, in accoitlance witii the ptxjvlEFon In 
tlio Ranger bequest. The Smithsonian Art Commission dooided not 
to accept the paintings and they were returned to become Uie absolute 
property of tha museums to which they were originallj assigned. 

‘Tlw OfTerin/f," by Charlna W. Bawt^nme, K. A. (1S7S-1SQ0), aA^gaed to 
tlko Cler^IaaO Mufoetmi of CleTelBiidt OfalOp June 12, lOCn. 

"Oleflia m Hill tops," br Gardner SjrmonK, N, A. lu tlie 

aiontcUIr Art Aasudatijon, MentdntPi K X, Jane 2 , 1322 . 

SPECIAL EXTimmu^ij 

The following exhibitions were held: 

October 8 fo fSj —Special exhibition of 48 paatels, drawings, 

and lithographs by Lily E. Smulde.rs. 

Novernler 1 la Sf, The Sixth Annual Metropolitan Sinta 

Art Contest^ 1040, under the auspices of the Department of Fine 
Arts uf the District of Columbia Federation of WomenClnba 
There were 280 exhibits consisting of paintings, sculpture^ and prints 
by 158 artists. 

December i, to i7^im«rry /y Special exhibition of the 

worJt of William Baxter Closson {184S-1&26) consisting of 04 oite, 


50 ANNUAL REPORT SMITHSONIAN iNSTITUTIQNj 1941 

40 pastelSj 21 water colors, 112 wood engravings, intaglio and relief 
prints by the Closson method with tools and necessary materials, 
and also medals which had been awarded to him . 

January 8 to Wy Special exhibition by the National Society 

of Pastelists* There were 111 pastels by 17 artists. 

Fehruary 1 to 19^^ —Special exhibition of 22 water colors 

and 21 pastels by Ethel H. Hagen, 

May 15 to 19,19^. —Special exhibition of 42 paintings by Alejan¬ 
dro Pardinas under the patronage of His Excellency the Cuban 
Ambassador. 

June £ to 15^ IB^L —Special exhibition of 39 caricatures by Antonio 
Sotomayor under the patronage of His Excellency the Bolivian 
Minister, 

June S to SOj 19^1. —Special memorial exhibition of 17 color prints 
and 50 black and white prints by Bertha E, Jaques (1863-1941), 

FUBLIOATIOKS 

Tolmait, R, P. Report on the National Collection of Fine Arts for the year 
ended June 30* 1940, Appendix 3, RexK>rt of the Secretary of the 
Smithsonian Institution for the year ended June 30* 1040* pp, 38-42. 
Cataijoo of American and European paintings in the Oellatly Collection, 20 
pp.j 11 pis, 1940, 

LoDoe, J, E, Report on the Freer Gallery of Art for the year ended June 30* 
1940, Appendix 4, Report of the Secretary of the Snilthsonlan Institution 
for the year ended June 30,1940, pp. 43-48. 

Eespectfully submitted, 

K, P, T 0 LMAN 5 Actiny Director. 

De. C, G. Abbot, 

Secretaryy SmUTieonym l7\£tiPuti^>n. 


APPENDIX 4 

KEPORT ON THE FREER GALLERY OF ART 

SiH: I have the honor to submit the twenty-first annual report on the 
Freer Gallery of Art for the year ended June 30,1941. 

the CXJliLECTnONB 

Additions to the collections by purchase are as folloTvs: 


BBOlTZi; 


40*11. 

a-b* 


40*23* 


41.1, 


41.6, 

a-b* 


41.8* 


Chinese! late Shaog dynasty, twelfth century B, C* A ceremonial cov- 
ered vessel of the type iw. Ontside, fairly even patination in shades 
of gray green with flecks of cuprite; inside, cuprite, aznrite, and 
maladilte with areas of original metal; little incrustation; cast In¬ 
scription of one character. 0.361 x 0.269 over all. 
nhWHP, late Chon dynasty, steth-third century B. C. A quadnipet^ 
its surface almost enUrely covered with linear and countersunk 
naturalistic and decorative designs. Smooth, gray-green patina with 
scattered Incrustations of green and blue. Tent in the belly. 0JI6 i 
0.182 over all. (Illustrated.) 

Chinese, late Chou dynasty, fourth century E. C,, or earlier. From 
Chang-sha. A mirror, patinated in shades of gray with slight incrusta¬ 
tions of malachite and rust on the obverse; five long-necked birds in 
linear relief against a background of curl and feather design on the 
reverse. Diameter: 0.164. (lUustrated,) 


Chinese, late Chou dynasty, fifth-fourth century B. C A Ba^ent 
hoot. Sheathed with silver, gUded and ornamented with Inlaid tur¬ 
quoise and other stones; engraved designs showing the silver on tte 
back; malachite incrustations. Carved wood stand. Length: 0.221 
Chinese, Shang dynasty, fourteenth-twelfth centmy B C. f ceremonW 
vessel of the type (ai (or cilia). Gray-green patinaUon with scattered 
snots of green Inside and out; malachite and asurite Incrustations on 
^ bottom. Cast inscription of two characters. 0.140 x 0211 over all. 


JABI 


4L3. Chinese, early Chon dynasty or earlier, twelfth J .«■ A 

monlal Wade of motOed gray-green and gray-white nephrite. 0.266 x 

0,103 OT&r all* 


3D45 


51 


430577 -^ 2 - 


52 AN^'TJAL REPORT dAUTHSOKlAX INBTmrriQN^ 1041 

jAtne jjiTfe DBO^ffx 

41 .4h ShfkTipi d^^nt^i twelfth eentoi^ E, C A ceranflulal lmv^^ 

mmtz the blade uC mottled gia^-hfown and wbLte nephrite mormtod 
In broDie doecly Lnloid with torau^J^; tocke; for Tordatl bfaitfEing: 
eoi tiered makchite IneruotulioiiiL Leni^lli: 0;2lS. 

43.6. ChlDOK, Sliun^ dynaiilyT twelfth centarj B. CL A cereniania] weapeu 
of the type ko: the hinde of mottlaA white iieiihritfl^ the tmii^ of 
hracxe amomented with tnniiioJjn! LclIjij; mnlRchlte Inr^nutAtlaEiB. 
a43J5 X ojm OTW aiin 

MAWXiBmma 

40.10. Arable (Persia)* thlneenih-fourTeeiitb ccaiury* a book bound to 
tooled brown leather (repaired!: J7£i of Uiu ^Hr*dn, Ttoit Ih 

thid^ fieriptoii 144 j^per leayeit Uim tines to a page, with Intorllnmr 
Feral OD transiallon Iti naa^l scrlDt. llluuiliuiteil pokbh, chapter 
headlQ£:4 mu! mui^mai umnnieatj^ 0.1177 x 0J.7E (Rloifla leaf). 
i niustratcd,) 

40.10. Arabic (Pcnla7}| foartcunUi centiiij. An. Illnmliiated frontlspleeo 
from nn uulilentlhed hook. ^oMkhl Krlpt Ln white on a ^Id 
donil ficrolla Ln o^ld on dark bloa nod llehl arwi; gold borders. 
Fupnr: 0.303 X 0.200 ; nimnlnatton 3 0.2TO it 0.2J4. 

nurnwa 

40-17^ TniUan, MujthiiMWJpit, serenteenth eentry. A wonMia alniidla^ 
In color and ooM on paper. 0.127 x 0.063^ 

40.2L Indtnn, lUJput fDecoanh early sevcateentb century. A wonma leetlT- 
lug travelers at the door of a hotiae. In opaque color (somewhat 
worn) on pat'cr. 0.1£2 x 0.221 

40.12- Feroian, Mongol {Tl-TIMn) period. tarJy fcurtceuth century. Two 

40^13. addltlDoal mnKbiatlona belnnglnif to nnr .SAdAndimlA mo, 3 O.I 4 painted 
Inooloro,allvor (darkanatl), black andisofdon pap (^, 

.12. SEyAwtt^ attandrd hy RttatATn reeelrSng tho hotuaeu of Oaralnm. 
O.OiS I 0.115^ 

. 13 . B Ij^a 1:1 In bonds before AfrAeJyJlb, 0.002 x 0,lld 

40J-!- PerMlnn, Mon^l fTl-Khflit) period, early 14 Lh centnry. Two Ulno^ 

40.td tmUoQi frotn a .SftdftHdiaiiA^ painted Ln ocAorA ^Id and blnc^ on 
paper. 

.14. Plran prci^ents youn^ Kheurraw to AfJHalyOh. 0.044 xO.0Sd 

1?S. PrlXmera of war bneu^t befote ^ah liflwOn. fl OTiS x 

40.18. Peralnn. alxteerilh-aeTcnteenrb century, A giuop of derrlHlied Line 
drawing In Muck, red. and bloe Inks; llohtly tinted. 0.103 x aiOO. 

40.20. Fminn, Tlmtirid, flfteenth cenhiry. An llluatratloa on q leaf fcom n 
j9hdihndriuih+ ^^bdh KlflwOa and ]^h 1 Bhnnx'Aw approueb the nacred 
Are. Painted in celora and eoJd q« paper. O.OOS % O.IBO. 

eottoixAiiT jjfD roTnsT 

41.2. Chtnei^, K’fitu: Hst twrtod, oifyunlpenth-ekbteieJitb trentnrj* A pnree- 
latn fiaak, eotcred with a Inralnem.^ pale |;reua ilnxt Date mark 
In bine enamel under the foot He%ht. 02311 
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SOME Recent additions to the Collection of the Freer Gallery of Art 
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41.7, Bnny iiTiiafitj. Iiic<aiM btirow. Soft pute pottery eovercd 

with A Rloiiqj, celaapn bJue £l(W?. O.fiOQ X 0.110 orer alL 
40.22. E'WbIob. KlBhln, curly foutlHSenUi ccotiLry. Bawl, of u aoft uady 
boOr: tba ttecoruUoa jiftlnt&j In luster on u white ];ruua0. 

0.0^ X OltflO, (lUiirtruted.) 


The work of the curatorial staff has beea devoted to tlio study and 
recording of the now acquisitions Itsted above, and to other Arabic, 
Armenian, Chinese, East Indian, Japanese, Peraian, and Syrian art 
objects mid manuscripts either already in tho collection or submitted 
for purchase. Other Chinese, Japanese, Arabic, Perainn, European, 
and Americiin objects were sent or brought to the Director by their 
owners for information aa to identity, provenanca, quality, date, or 
inBcriptioua. In all, W3. objects and ISO photogmpha of objects vreio 
so suWitted, and written or oral reports uptm them were mat^ to 
the institnliona or private owiicft) requiting this service. Written 
translations of S4 inscriptions In orientel languages wore made upon 
requeat, several bibliographiae compiled, articles and reviews written, 
and several Galloiy publieationB revised. 

Eighty-four changes were made in e.vhibition as follows: 

Chinese: liroDise nad JttdB —.- - --- ^ 

CtaLnesif laJt — - -— —- _ 

Chlucfls niiLrbtts- —- - - -- - . - . - -. 

IrtUlJtlDg.^— -^ — --- S 

Chtnwe potterj - - — -- -3U 


Repairs, etc., to the collection were as follows: 

jlmerlvaii pUntlng———^— -- 

LlklDem paucl pointing--—--- 

CTblncse mzrvU pltiltJng^--—--— --— 

PiFrsIim pottery —-———---— 

Maps, 1)lD«prlal9 monnted*-,—-—- 


ATTENDANCE 

The Gallery has been open to the public every ^y from until 
4:a0 o’clock, with the esception of Mondays, Christinas Day, and 
New Year’s Day. 

The total nttendance of visitors coming in at the mam entrance 
was 111,656. Ono hundred and twenty-eight oth«r visitors on Mon- 
days make the grand total 111,T8+. The total attendance for week 
days, exclusive of Mondays, was 79,246; Sundays 33,410. ITib aver- 
age week-day attendance was 305; the average Sunday attendance, 
623, The highest monthly attendance was, os usual, in April, with 
14^80 visitors; the lowest in Jiuiuatj, with 5,901. 
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report sAirras^jNtAN maTmmoNj i&4i 


Thei^ wera visitors to tlio mflin office during the j^ear* The 
purposes of their visits ivere as foUows: 

For EnfGrmnttDn--.^-- -- ---—— IS® 

To see obl«f« storage -- —---- ^ — 3^0 


Fax Eaeterfl fuLatiaeii-—__—-- -- m 

Near HftHtPrn palntiDg^ ftM mannsci^pta- - - - Ifl 

Eo^ iDiUim palntlags and inantiK^ptB— -—— ^ 

AmctIwi palnUuga---- -—-- 

WMfitltrx prliitiS __ — ___—- --- T 

AizL«rlcaii potters"^—, ----- - —- & 

OrlruLiLl poltaiTi^ Jade, bronaes. a.ad 9(nilptnre^^ ---- ^ - ■— 133 

Uyrian, Anibic; and i% 7 pUnn .--- H 

SjEandsB obJoctB_ ____—--—^—=—™ 4 

TFoxhffi^on ifanuBmptf_- - - ---———=—^—— IS 


To read in the Uhraij—. — -- — ^ .- - HS 

To mfiko txiiotnjjfi and atochM from Ubmfy buoka — --- ft 

To HOG tbo budding and __—__ ft 

Tu Dlitaln pcrmlisSon to pbotofrapti or ^fc*fecb*_. ----- ftS 

To submit ubjecls for cvamlnation.,^ - ITS 

To JIM memben of the itnlf ____— -—--— - Stft 

Trt Bw the exiijbttloii guUurb» un Mondays ----- - 4lJ 

To eiunnlne or porcbnae pbologrfiipLa - --—--—^ 232 


LECTURES A?rEl ROnCIST HEHnCB 


A e wwksi' lecture course in Chinese nnd .Tapuiieflo art ’ffas given 
by A, G. Wcnky in the Far Bastern Institute held ai the Harviml 
University Summer School of 1040 under tha auspices of the Ameri- 
can Council of Learned Societies. 

At thft Freer Gallery 6 illnstnited lectures were given in the audi¬ 
torium (total attendance, 08); 6 study groups w^ro held in tv Sfitudy 
room i total attendance, 00 ); and 10 groups ^ere given docent service 
in exMbition gallEries (tote] attendancei 269). The total number 
of pamma receiving uiHlniottoti at tlieir own request was 447. 


PEkSONKia. 


Febniary 13^ 1041, WLUiaro B. B. Acker returned from Holland, 
having token his PIl D* cum Imute in Chui^ at the University of 
Leyden. 

September 3,1940, Oliver W- Puckett reported for duty as watch¬ 
man. 

June 30, IMl, Bavid H. Zirkle, watchman^ who had been at tlie 
Galley^ for 16 ycarst was retired with a record of tho mo^t faithful 
and efficient service. 
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October 10, 1940^uiie 18, 1041, Grace T. Whitn^ worked ioter- 
mitteoGj at the Gallery oR the traDslatiou of Peraian taita. 

October IS, 1940, Elizabeth Hill, librarian, waa married to "WilBon 
R Mattby, a physicist xn the Na™! Ordnance laboratory at the 

U* S. Na^y Yard- 
Respectfully submitted. 

J, E. Lodoe, Dire<rtor 

Dr. C- G. Abbot, 

SecTvtarff, Smithtonian /jwlittifibn. 



APPENDIX 5 

REPOBT ON THE BUREAU OF AMERICAN ETHNOLOGl 

Snt; I haT6 the honor to submit the following report on the field 
researches, office work, and other operations of the Bureau of Ameri¬ 
can Ethnology during the fiscal year ended June 30, 1941, conducted 
in accordance with the act of Congress of April 18, 1940, which 
provides ** * * • for continuing ethnological researches among the 
American Indians and the natives of Hawaii and the excavation and 
preservation of archeologic remains. * * * ” 

systematic besbabches 

M. W. Stirling, Chief of the Bureau, left Washington on Decem¬ 
ber 29 to continue his archeological excavations in southern Mexico. 
Intensive excavations were begun at the site of Cerro de las Mesas 
on the Rio Blanco in the state of Veracruz, this site having been 
visited the preceding season. In addition, another expedition was 
made to the site of Izapa in the southwestern part of the state of 
Chiapas. As in the 2 preceding years, the work was undertaken in 
cooperation with the National Geographic Society. Dr. Philip 
Drucker again accompanied Mr. Stirling as assistant archeologist. 

At Cerro de las Mesas 20 carved stone monuments were unearthed 
and photographed, several mounds were cross-sectioned, and a num¬ 
ber of stratigraphic trenches dug on various sections of the site. 
The stratigraphic work proved unusually successful and extends the 
cultural column for this part of Veracruz to a much later date than 
did the excavations at Ties Zapotes. Two initial series dates were 
deciphered at Cerro de las Mesas, one being in the 1st katun, the other 
in the 4th katun, of baktun 9. Another stone monument at this site 
was of considerable interest because of its similarity to the famous 
Tuxtla statuette. Large quantities of jade were found including one 
cache containing 782 specimens. 

At Izapa a large number of stelae, most of them with altars, were 
excavated and photographed. This site is important because of its 
location, which makes it an interesting link between the west coast 
of Guatemala and the isthmian region of southern Mexico. 

At the conclusion of the work at Cerro de las Mesas at the end 
of April, the collections were brought to Mexico City where Dr. 
Drucker remained to work with them. 
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Durine the v*^ar Dr. John R. Swanton, ethnolo-fiet, cmploTcd 
of his timn in compleLing an CEtenaiTa report on tho Indians of Uie 
Southeast, upon which work had been dona dnnng ffiToral post 
years, and which cothis about 1,600 typewritten pages. This is now 

FMady for final copy and editing. . i j tt;= 

The bulletin entitled ^‘Source Material on the Etluiology and His¬ 
tory nf the Caddo Indians," upon which he was at work last yei^ 
is now in e^lBy proof. It wiU cover about 360 printed p^. A 
brief contribution by Ur. Swaiiton entitled n'hc Quipn and 
aTiliwtion” has been accepted for publicatituv in a for^c^ing 
bulletin of anthropological papora and is now m tlio hands of the 

in the year the btiUetin prepai-ed 
“Linguistic Material from the Tribes of Southern Texas and ilorth 
eastern Mwicn," was completed and distributed. It contains &U of 
the fragmenta of the Goahuiltcoan, Karankawun, and laraauliiHiLan 
tongues known to bo in existence, and covere 145 pages- ^ 

Considerable time has also been devoted by Dr. Swanton to an^ - 
ing letters, including particularly 
^cing of marker along the route 

and work for the United Stotee Board on Geographital Names. 

At the beginning of the fiacal year Dr. John P. Harrington 
nologist, waf engaged In working over 

of the closely related Tlingit ianguaga of Ala^. field 

studies had proved that something 

Tlingit are olmost the same despite the 2,000-iiiila separation of the 
two languagee. Sometimes the same word was found to be appli^l 
to two very different organisms; for instance, what is crab apple m 
the north 1 cactus in the south (spinine® being ^e 
two plante evidenlly have in common), and jack pme m the north 

was found to bo juniper in the south. 

Tlingit was copiously recorded m soiitheastcm Ala^, and the 
tT w i«r.™aeB. related to the Tlingit and to the Navoho. was 
diSivered ^dTudie<i. The Ugaleni: formerty ^upied 
of southeastern Alaska coast, from Prince Wilham Sound m the 

west to L-^tuyia Bfty the „ „ p * 4 - i *4 ATii^siro 

The origin of the name Sitka, the old Russian capital of ^asH 

was difwo^itKl. The name means ‘«D the ^ 

noF Island." Shee in the name of Baranov Mimd, and Sitka is 

situated on its oceanwanl side. tj„w.in(rt/,Ti ,vnrlccd 

Leaving in August for Gallup, N. M«*» Harrington wor^ 

on many parts of the Navaho BeservaUon finding n siirprismg imi- 
Jormity dialect. TTiis uniformity must have atiten from a jumb¬ 
ling together of earlier Kaveho dialects when the Navahos were in 
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captivity in eastern New Mexico in 1867 and 1868, During this 
captivity, dialects were evidently jostled together, and resettlement 
by the United States Government further dislocated them. 

Field work during the latter part of the summer was done with 
more than 10 of the leading Navaho interpreters. In a tribe of more 
than 45,000 population, there are many educated speakers, including 
university graduates, and with them were explored special features 
of the language which could not have been obtained from the tongues 
of poor and uneducated tribes without much greater expenditure of 
time. 

The Navaho language was found to have only 4 vowels and M 
consonants, making it a true consonantal language. The sounds of 
Navaho were found to be almost identical with those of the other 
languages of the Southwest, for instance, with those of the neighbor¬ 
ing Tewa language. Also many words were found to be the same as 
in Tewa, Navaho was found to have, for practical purposes, a 
high and a low tone, and a falling and rising tone only on long 
vowels and diphthongs. One of the most peculiar developments 
to be found in any language is the hardening in Navaho of almost 
any consonant by placing a sound of German ch after it if it is 
voiceless, and of open g (gh) after it if it is voiced. There are also 
traces of a hardening of 1 to n, and the like. 

Returning to Washington late in the fall, Dr, Harrington continued 
his study of the Navaho, until it now constitutes a finished manuscript 
of more than 1,200 pages. Throughout the work there has been a 
constant revelation that Navaho and related languages are not as 
unlike other American Indian languages as has been thought by early 
vocabulary makers and classifiers. 

At the begimiing of the fiscal year, July 1, 1940, Dr. Frank H. H, 
Roberts, Jr,, was engaged in a contmuation of excavations at the Ldn- 
denmeier site, a former Folsom camping ground, in northern Color¬ 
ado, From August 1 to 31 he was on leave and during that period, in 
accord with the Smithsonian Institution^ policy of cooperation with 
other scientific organizations, directed the excavation program of the 
advanced students at the University of New Mexico^s Chaco Canyon 
Research Station, 

From Cliaco Canyon, N. Mex,, Dr. Roberts went to Boulder City, 
Nev., to inspect a large cave located in the lower end of the Grand 
Canyon of the Colorado River at the upper reaches of Lake Mead. 
The trip to the cave was made by motorboat from Piercers Ferry in 
company with officials of the National Park Service’s Boulder Dam 
Recreational Area. Rampart Cave is situated in the south wall of 
the canyon at the top of a steep talus 600 feet above the present water 
level. It is of imusual interest because of its extensive deposits of 
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sloth remains and of ihs bones from lar^ ureaturea that preyed on 
the sloth, and the possibility tliat it may provide evidsni* cif hujnan 
oontcnoponineity with such extinct animal fomia in that area. Plans 
and niethoda for a program of excavation were discusswl ami various 
suggestions wore made concerning the advisability ef previding an 
exhibit in situ for vidtore to tJie Boulder Dam RBcreationnl Aren. 

From Bonlder Dmn, Dr. Roberts returned to die Lindenmeier site 
where he continued his investigations until the end of SRptetobep when 
the project was brought to a e1o6C> During the six seasons of inten¬ 
sive exploration of this Folsom site and the adjacent area much new 
and valuable inforjmition on the subject nf early occupation of Nurtli 
Anierira wan obtained. From the large scries of speciiiiens collected 
it will bo possible to draw comprehensive conclusions relative to tlie 
matiiriiil culture and economic status of the aboriginal peoples inhabit- 
ing that portion of the country during the closing de3rs of the last Ice 
Age, and in general to broaden the knowledge on esirly stages in 
World history. 

Dr. Roljorta returned to Washington in October. He spent the 
autumn and winter months working on the material from the Linden- 
meier Kite, preparing the manuscript for his report on the investiga¬ 
tions there, in writing short articles for publication in various scien¬ 
tific journals, in identifying numerous archeological specimens sent in 
from nil pEirlA of the country by inUsreHted nmateure, and in furnishing 
inforinatiDD On many phases of Now World archeology. Plans and 
preparations were made for on exiiedition to the Coclo region in tho 
province of Penonome, Panama, but, bcoauBo of the last-minute devel¬ 
opment of an insuperable combination of adverse circuniKtanccs, the 
proposed investigations had to be abandoned. 

On May IS, 1041, Dr. Roberts went to Bedford, V«., to initiate exca 
vat tom at tho Mons site near the Peaks of Otter where the lain D.^ I. 
Ruslmell, Jr., Imd found artifads auggestive of a much earlier aborig¬ 
inal occupation of the area than previously had been siipiiosed. Con- 
structinn work on the Blue Ridge Parkway had destroyed much of the 
site, but a series of test trendies dug in various undisturbed remnants 
established the fact that it bad once been on Indian camping placo, 
possibly ft vi 1 lage site of late prutohistoric times. However, there was 
no evidence of its haviug been ured by older groups comparable to the 
early hunting peoples of tJiu western plnina. 

On tho compU'Lion of the work at tho Mens sito, Dr. Roberts returned 
to Wellington and on Judo 11 left for San Jon, N, hfov. Camp was 
estobUshed on the rim of tbo Staked Plains lOiA miles south of that 
town hhJ excavations were started at a site where material auggesUve 
of another phase of early man in North America, the so-called Tumn, 
has been found. The location is in a shallow baain that appears to 
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have been an old, filled-in lake bed. Heavy erosion in recent years 
started a series of ravines and gallies and exposed extensive deposits 
of bones. Stone implements found near some of these outcroppings 
indicate the possibility that many of the creatures were killed by 
aboriginal hunters and that an association of man-made objects and 
bones from extinct species of animals can be established. Bison, 
camel, and mammoth bones, as well as those from smaller and as yet 
unidentified mammals, occur in the site. Material in the fill in the 
old lake bed probably can be correlated with other geologic phenomena 
of established age. Hence, the determination of contemporaneity be¬ 
tween the artifacts, animal remains, and lake deposits would constitute 
an important addition to the evidence *^0 early occupation in the New 
World. There is also a possibility thi^u the site may contribute infor¬ 
mation on the subject of relationships between some of the different 
older cultural remains. At the close of the fiscal year Dr. Boberts and 
his party were well started on the problem of the San Jon site. 

The beginning of the fiscal year found Dr. Julian H. Steward, 
anthropoligist, in British Columbia completing researches on abo¬ 
riginal Carrier Indian ethnography and on ecological aspects of 
recent changes in Carrier socio-economic culture at Fort St. James and 
neighboring villages. While here a collection was made of more than 
100 Carrier specimens of material culture, and of more than 60 ethno- 
botanical specimens. At this time several pit-lodge sites were ex¬ 
amined. From here Dr. Steward proceeded to Alaska, and then by 
plane from Ketchikan to an island off the coast where he investigated 
a burial site reported by Commander F. A. Zeusler, of the Coast Guard, 
and Banger Lloyd Bransford, of the United States Forest Service, 
Accompanied by the latter, he procured specimens of several skeletons, 
fragments of carved burial boxes and other materials, and a mummified 
body in excellent preservation. The body was dressed in buckskin, 
wrapped in a cedar mat, and deposited in a cedar box. All specimens 
were brought back by plane to Ketchikan and shipped to the Smith¬ 
sonian Institution. From Alaska Dr. Steward went to Berkeley, 
Calif., to hold consultations on the Handbook of South American In¬ 
dians, which is being prepared for the Smithsonian Institution. 
From there he proceeded to Albuquerque and Chaco Canyon, N. Mex., 
for further consultations and to attend the Coronado Quatrocenten- 
nial and the Chaco conference, finally arriving in Wadiington late in 
August. 

The remainder of the year was devoted mainly to editorial and or¬ 
ganizational work on the Handbook of South American Indians, and 
work on the project was actually initiated, $6,000 having been made 
available for this purpose by special appropriation for cooperation 
with the American republics through the Department of State’s Inter- 
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ijepartiiiental Conututteo. Th& collaboratioo of contrihQtora, eacli 
a speomlist io some phase of South Arnwrican anthropoid^, was ar¬ 
ranged. Work aijcompliahed during the year included completion of 
manuscripts by Dr. Robert H* Lowie and Dr, Alfred M^traux totaling 
more than 150,000 wordii: completion of a HOW base map drawn from 
the American Geographical Society’s 1:1,000,000 sheets, and of four 
now maps showing reapcctiTely the TCgctatien, climates, physical fea¬ 
tures, and topography of South America j cnmpil at ion of a preliminary 
btbliugTBphy of nearly 3,000 items; substantial progress on many other 
manuscripts; and mtegr&tioii of the Handbook plan with research 
activities of many other institutinns m different countries. Arrange¬ 
ment was made to engage the services of Dr, M^traus on full-time 
basis as assistant editor in the dscal year 1941-42, The seevices of a 
eecretary were had for the Handbook during three montlia of 194L 

During the fall Dr, Steward acted as chairniaa of tho Program 
Committee of die American Anthropological Association, mranging 
the program for the Christmas meetings in Philadelphia. He also 
served nn the Caimmittee on Latin Amerioan Anthropology of th* 
National Research Council and accepted membership on the Scientific 
Advisory Committee of the Pan Amerityin Trade Commitlee. 

The following scientific papers were published r Archeological Re- 
connaiKsanoa of Southern Utah, Bur, Amer. Etlmol. Ball. 138, pp. 
27S-,356; Nevada Shoshonfl, in Univ. California Culture Element Dt»- 
tributions; several short pspera on the Carrier Indians; a description 
of the Handbook of South American Indians for the Boletin Biblin- 
gro^co do Antropologfn Americnna. An article woe prepared for 
American Antiipnty on The Direct Historic Approach to Archeology. 

During the fiscal year Dr. Henry fJ. Collins, Jr., ethnologist, con¬ 
tinued with the study and description of archecilngical collections from 
prehistoric and protohrstoric Eskimo village sites in the vidnity of 
Bering Strait, Material was also asgemfaleti for a paper on the origin 
and antiquity of the Eskimo race and culture in relation to the larger 
question of the original entry of man into America. 

At the request of the Peabody Museum of American Archaeology 
and Ethnology of Harvard Uuiveraity, Dr. Collins made two trips to 
Cambridge to assist in the identification and selecticiii ctf malerials for 
the new Eskimo exhibit being planned by Donald Scott, director of the 
Museum, and his assistant', Frederick G. Pleasants. 

Dr. Collins also served as collaborotor and technical adviser for 
Erpi Claiwroum Films, loc,, in connection with production of a motion- 
picture record of Eskimo life on Nunivak Island, Alaska, to be made 
by Amos Burg, explorer and photographer. The film, designed for 
use in the elementary schools, will prorido an authentic picture of the 
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daily life and acUvitiftH of tlie Nunivngniiut, who have netained more 
of tiieir natiTe culture than any other coHutal-grtaip Eskimo in Alo^a. 

Burinjn July 1?140 Dr. William X. Fenton, associate anthropologist, 
vifts engaged in field work among the Senecas of Allegany Kesorva- 
tion, X. T, Wiiile here he deliivered ihc Sl Lawrence University 
seriesi of lectures at the Allegany School of Natural History. The 
lectures on the TnxjuiHan Peoples of the Northeast cohered prehis¬ 
toric cultures of the area, the adjustment of the Ij^oquois to tlueic 
envinmuient, dieir anqiety and goTenitncnt, and tlieir religions sys¬ 
tem, At the Six Nations Beserve on Grand Biver, OtiLario, Canada, 
Aiiguid D to September 1, the yearly cycle of ceremonies that are 
currently celebrated at the Onondaga Lnnglinuso were outlined by 
Simeon Gibson and the principal speochea that constitute the bulk 
of the annual Midwinter Feativul were taken In Onondaga text and 
translated. This study is an extension of previous invoEtigatioTii) 
of Seneca reremonius which Dr. Feiilon has published, and it adds 
new material on the nature of village bands and their ^Hmo^^iIa, 
the function tif muietiaq, Ute nature of residence after marriage, and 
the Bororate which was practiced, at least, hy the Lowei- Cayugaa. 
Further osBistance wqh rendered by Deputy Chief Hardy Gibson 
aith Hewlti^s nmiiiistc:rlpt Qii> I he Requickeiilng Address for installing 
chiefs in the Iroquois League, which Dr. Fenton is editing for pub¬ 
lication. 

Returning from Llia Hold September 1!) with SOO photographic 
negatives, largely of masks studied at muwuma in New’ York and 
Ontario together with a series of their manufacture and use in 
Iroquois fiatemitics, muck time elapsed assembling pictures and 
notea and arranging them for study. 

zV special paper on The Place of the Iroquois In the Prehistory of 
America rras presented before the Anthropological Society of Wash¬ 
ington; and Dr. Fenton also served as technical adviser for An 
Indian League of Nations, which was broadcast October 27 on 
“The World ia Youra** radio progtEun. 

Work on two now reacairh projeds aimed at clearing up prob¬ 
lems previously outlined was begun during the year. While serving 
ae oonmiltant to the Pennsylvania Historical Commission on arclie- 
ological mattere, Dr. Fenton ooiitacted local historiaua who are col¬ 
laborating in special phases of a study of Cornplanteris Scnacos on 
the niqwr Allegheny River; and It is planned to pubUsh tlieir find¬ 
ings together with Quaker ilission Journals from 1708 which describe 
Indian life and events attending Hondsuiun I.4ike’s revelations. In 
qued. of orlgimtl Huurces, Dr. Fi-nton searched the SveordB of the 
Yearly Meeting of Friends of Philadelphia, and visited the libraries 
of Hnverford and Swarlhmore Collegre. In this project he has 
had the active help of M. E, Deardorff of Warren, Pa,, and C, E. 
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Congdon of Salaroancai, X- Y., who hftTe located and tnuiscribed 
nt her ijt)Ciin)Gntst7 soumo- 

IroQUois anisic has long ileseiTcd serious study, and wiili the derel* 
(tpmefit of modem electric soimd-recorditig apparatus, record making 
in the field has iTOome practicable. When tlie Division of Music 
5ri Uie Library of Congress fumisiied the neccssaty blanks and 
apparatus for Dr. Fenton’s trip to the Sis Naliona Midwinter Fes¬ 
tival, January 10 to February 17, 1&41, Dr. Fenton undertook the 
task of makitig the recordings, first at Obsweben, Ontario, and later 
at Quaker Ridge, Sf. Y. Sislj-two double-face reoordH ware made 
of samples of wkLuI and reli^ous danDu soiigH, and complete runs of 
}<cvei'aj ehamanistio song cycles and the Adoption Rite of the Yutclo 
were taken. Informants gave complete testa for all the recordings, 
and tbeso, as rewritten after returning to WnahingUm, sJiould prove 
lielpful to tlie transcriber. For this purpose the Bccording Diborn- 
tory la furnishing a duplicate set. Because musicologista have ex¬ 
pressed intortist in the recording®, several were selected for a prii].ptiKEd 
Album of Iroquois Music, which the Library contemplates publishing; 
anil in return for the fine cooperation of the Bcoonling Laboratory 
and the Division of Music, Dr. Fenton delivered a lecture, Music in 
Inxiuois Religion and Society, illustrated with slides and records, 
03 the first of a aeries by the Arehive of American Folk-song. It 
WHS leiieiited for the Society of Pennsjdvania Archaeology at its 
annual meeting. 

In addition a Beriea of brief infonnal excursiona were made to 
Allegany regarding place names and to explore the area that may 
be flooded by tlie proposed Allegheny ResL-rroir, and to Tona^mida 
to collect song texts of the Medicine Society, 

Besides a number of book reviews in scientific and historical jour- 
nals, Dr. Fenton published two papers in Bureau of American Eth¬ 
nology Bulletin IfiS—Iroquubj Suicide; A Study in thn Stability of 
a Culture Pattern, and Tonawaoiln Longhouso Ceremonies: Ninety 
Years After I^ewis Henry Morgon—and an article, Museum and 
Field Studies of Iroquois Masks and Ritualism, which appeared in 
the Explorations and Field work of tlia Smithsonian Institution in 
1040. Dr. Fenton preparcil for publication in the Annual Report 
of the Smithsonian Institution for 1040, a paper entitled “Masked 
Medicine Societies of the Iroquois.” 

Miss Frances Densmore, a collaborator of the Bureau, conUnued 
her study of Indian music by collecting odditional song®, transKribing 
thc-sH H]id songs prcinously iccordod, and preparing material for pub- 
lic&tioo. In August IWO a trip was made to Wisconsin Della, Wia., 
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to intjervi&w a group of visiting Zufii Indians^ Songa ’Vs^era obtained 
from Falling an inditn bom in Znni, who had lived in the 
pueblo most of his life and taken part in the dRnc«si His father 
also was a einger and dancer^ Falling Star recorded 17 songs, IB 
of which wore transcribed and wubuiittod to the Birreau+ These lire 
chiafly songs of lay-participants in the Ihiin Dance and the songs 
connected with grinding corn for boufiehold 

Additional data on the peyote cult among the Winoebagp were 
obtained from a former informaTit and incorporated in the manuiscript 
on tliat tribe^ 

In October Miss Densninre went to Washington for oonsnltation 
on manuscripts awaiting publication. During tlic winter she tran¬ 
scribed ret ards of 71 SiuiiinoLe aongs^ completing the tranerriptiana 
of recordings made in that tribe during tlie seasons of 1931,1032, and 
1933. Tt is eaLpected that the book on Scmmole music, wiitHining 
245 songs, will be completed in the near future, 

A papiir on A Search for Songs Among the Cliitimacba Indians 
in Lonisiana, submitted in 1933, was rewritten^ amplifiedt and pre¬ 
pared for publication. The Chitimacha is the only tribe visited by 
Miss Denfimora in which all the swings Lave been forgotten. Musical 
customs were remembered, and several lejgKuda wera related in wliicb 
songs were formerly sung, 

in May 1941 Afiss Densmoro read a paiier on The Native Art of 
the Chippewa before the Oontral States Branch of the American 
Anthropological Association at the Annual mooting held in 
Minneapolis. 

At th« doHc of the fiscal year ;Miss Densmoro was in Nebraska^ her 
special interest being a search for ^niga that wore recorded phono- 
graphicaLly by lUiss Ali ce C. Fletcher in the decafle prior to 1893 
and published in tliat year by tho Peabody Museum of American 
Archaeology and Ethnology, If Indiana can be found who remem¬ 
ber tlie^ songrij they will be recorded again. A comparison of the 
two recordings will show the degree of accuracy with which the 
songs have been transmitted, and will be important to the subject 
of Indian music. 

The entire ooUection of reconlinga of Indian Eongs submitted to 
the Bureau by Miss Ucusmore has been transferred to tlie National 
Archives for jKtrmaiient presermtioii. These rvt:ording 5 were made 
and submitted during the period from XWT to 1040, all having been 
cataloged and transcribed in musical notation. Many hundreds of 
other recordings have been made, studied ^ and retained by Mies 
Demoiiore but not transcribe A Bccordings submitted aft^^ 1940 
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have been cataloged in seqaence with the former collecdoii. Thirty* 
five tribes are repie^nted in the collection of 2^137 recordings, m addi¬ 
tion to a group of songs recorded in British Columbia m which the 
iribos not d'esignat^+ 

EurroHiAL worm: am fotuc^tiokb 


The editorial work of the Bureau baa contmued during the year 
under the inunediale direction of the editor, il- Helen Palmer. There 
wore isBiied tbreo bullBtins, as follows: 

Rulleun 120. ArclitoJoeteal remBkiuf la tlw Wldtewmer DIaWet, 

Artnuiii. Port !L ArtlfaeU end Irartalfl, liy f™iO« H- H- Itflharts, ir. With 
appendix. Skfiletol remains ftoia th® Whitewater Dlatrict. eancra AfUona. 

by T, D, Btewozt xl+lTO pp,, St pie.,«Opa. , ,, ..r.<i 

Bulletin 12T. Llngntetlo mslctlal from Ilia tribes of sDUthem To 
Dortheaatem IlexlW. by John H. Swantoa. V-H145 

BulletLn 12a. .^Ibropdoiltiil nmnlreifis 13-lS- iU+Sw p(^i ^ P^-r 

^ 13. The mlidae of gema ami oroameatal sUwes hy Amwlcoo Indiana, 

by Hydttpy R- BalL 

Wo. id. IriNiBoUi rulclde! A atody la the stability of a caltate pottera. 
hr WUllBiu N* Fentiju. 

Xu 1&. TonflLWiLDda JUJUfflic*™ ceftmanleft: Ninety jCqrB after Lewifi Hciiry 
Morgan, by WiUlflm N, 

No. 1ft The guloliua-BitMlcUus ImJlaM of Ihs Prorlmw of Imhab^ 
(Eiiiailor) 4pa th&Ir antbepoiaotric relatloas with tbs Lining 
populations d£ tho Andean area, by GililiL 

No. 17. Art prwxsfle* In blrchtwrlt of the RKer Deaert AJgoainiln, a clrcmn' 
boreal trait, by Franlc G. SpwA. 

No. 18. ArclitM)l«siCOl recoimalswince of aontheru Ttah, by Julian H. 
StewuitL 

The following bulletias wetvi in presg at tha cloaa of the fecal year: 

Bulletin 12». .Vn arthoolotlcel aarvey of Flekwlrl: Dssln in the aiUacent 
porlluna of the S3tate« of Alaboam. Ml»ls.lppl. oad Tennessee, by wml™ ^ 
Webb and David L. r>o Joniettc. With □UdlUone by Walter ^ ^ 

Morrlaou. Murehall T, Newmnu and Charles E, Snow, and WilUutu O^a^ 
Bulletin 13ft Arcbcoloslfol inrearti^tloim at Buena VJstn Lais, Kern Ootmtj. 
California, by Waldo R. Wedsi With appendix. Skeletal remalna from Buena 

County. SorUt 

Carolina, by al. Setxlur and Jesse D. Jennlaga Witt appeadlx. Skeletal 

nuaalna from tlio Peachtree Site, North Caiollna. by T. Me Stewart. 

BuUutin 132. Huurce material oa the hlatory and mhuolOKy of the Caddo 
Indlaiu, by Jolm HL SwSBtML 

BnllaLlo Ifift AallUOpolofflBil , , , , 

No, 1ft A eanich for »u«s a»oii* the Chttiwacha Indiana In Louisiana. 

by Froaces Densinore. 

Na 20. ArchealosUsl aoivcy on the northern Northwaat Coast, hy ITdllp 
Drui:kt*r. 
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No, 21, Some notes on a few sites In Beaufort County, South Carolina, by 
Regina Flannery* 

No* 22* An analysis and interpretation of the ceramic remains from two 
sites near Beaufort, South Carolina, by James B* Griffin. 

No* 23, The eastern Cherokees, by William Harlen Gilbert, Jr* 

No. 24. Aconite poison whaling in Asia and America: An Aleutian transfer 
to the New World, by Robert F. Heizer. 

No. 25* The Carrier Indians of the Buckley Rlyer: Their social and relig¬ 
ions life, by Diamond Jennas. 

No* 26. The Qulpu and Peruvian civilization, by John R Swantom 

Bulletin 134. Native tribes of eastern Bolivia and western Matto Grosso, by 
Alfred M^traux 

Publications distributed totaled 11,882. 

LlBEAltY 

There has been no change in the library staff during the fiscal year. 
Accessions during the fiscal year totaled 378. 

The library staff has relabeled and reshelved 5,137 books. The sec¬ 
tions of general ethnology and non-American material, and linguis¬ 
tics have now been entirely reclassified and reshelved. Library of 
Congress printed cards, so far as they are available, have been 
ordered for practically all of this material, when not already in the 
catalog* Part of the work of typing these cards and filing in the 
catalog has been completed and will be finished in a month or two. 

The sorting of foreign periodicals and society transactions has 
been completed and all material not in the library field has been 
put aside for appropriate disposal. A temporary shelf list has been 
made for this material and it is hoped that this section will be 
reclassified and reshelved by the first of the year. The checking lis ts 
for the second edition of the Union List of Serials were marked with 
our holtfings and returned. 

The sorting of the pamphlet collection has been completed and 
more than half have been classified and shelved. Library of Con¬ 
gress cards where available have been ordered. In the future the 
library will have no separate pamphlet collection. All pamphlets 
that are kept will be classified and shelved with the books. Work 
has also been done on Congressional documents and some of this 
material is now classified and redielved. Govermnent documents 
from the War and Interior Departments, publications of the Chero¬ 
kee and Choctaw nations, and of various special boards and com¬ 
missions have been sorted and classified and all Library of Congress 
cards available ordered. 
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ILLUSTRATIOKS 

Following is a summary of work accomplished diiniig the fiscal 
year by Edwin G, Cassedy, illustrator: 

Line drawings - 

Stipple drawings - 

Wash drawings —— 

Maps _ 

Graphs --- 

Plates assembled — - 

Photographs retouched 

Lettering jobs- 

Mural paintings -^ 

Negatives retouched**— 

Total __ 

The month of December 1940 and the first half of January 1941 
were devoted to work on the new Index Exhibit in the Smithsonian 

main ball* 

COLLECTTONS 

Collections transferred by the Bureau of American Ethnology to 
the Department of Anthropology, United States National Museum, 
during the fiscal year were as follows: 

Acc«ss1od 

No. 

124,559. Poraons of a child’s skull and skeleton collected near Kissimmee, Pla„ 
and sent In by L. B, Farmer, 

157,350, Skeletal and cultural remains from burial sites on Pennock Island and 
Dali Island, southeastern Alaska, coUected durli^ the summer of 
1940 hy Dr, Julian H. Steward. (36 specimens.) 

157,796. Collection of 94 ethnological specimens from the Carrier Indians, 
obtained by Dr, Julian H, Steward In the region of Fort St James, 
British Columbia, in 1940. 

157,965, Collection of ethnological objects purchased among the Iroquois Indians 
during the past summer by Dr, William N. Feoton, (3 specimens.) 
158,151. Collection of carved wooden masks and musical instruments collected 
by the late J, N. B. Hewitt among the Iroquois Indians of ttie Six 
Nations Reserve, Grand River, Ontario, Canada. (27 specimens,) 
158,498. Two unfinished wooden masks made by Tom Harris, an Onondaga Indian 
of the Six Nations Reserve, Grand River, Ontario, Canada, and 
collected in August 1940 by Dr. William N* Fenton. 

160,243, Archeological specimens from a sand burial mound on Lemon Bay, near 
Englewood, Sarasota Co., Fla, (25 specimens.) 

160^44. Archeological specimens from various mounds In the vidnlty of Parrish, 
on Little Manatee River, Manatee Co., Fla, (61 specimens.) 
160,249. Archeological and skeletal material from a refuse and burial mound 
miles west of Belle Glade, in Palm Beach Co., Fla. (988 archeo¬ 
logical specimens. The skeletal material In this accession has not 
been counted this year, but the figures will be included In some future 
annual report) 

43057T—42-6 
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miscellaneous 

During the course of the year information was furnished by mem¬ 
bers of the Bureau staff in reply to numerous inquiries concerning 
the North American Indians, both past and present, and the Mexican 
peoples of the prehistoric and early historic periods. Various 
specimens sent to the Bureau were identified and data on them 
famished for their owners. 

Personnel. —^Mrs. Frances S. Nichols, editorial assistant, retired on 
August 31, 1940; Miss Anna M. Link served as editor!^ assistant 
from September 1, 1940, to April 30, 1941, when she resigned to 
accept a position in the library of the United States National Mu¬ 
seum; Miss Nancy A. lank was appointed on June 1, 1941, to fill 
this vacancy. Miss Florence G. Schwindler was appointed on Jan¬ 
uary 6,1941, as stenographer in connection with the preparation of 
the Handbook of South American Indians; die resigned on April 21, 
1941, to accept a position in the War Department. 

Respectfully submitted. 

• M. W. Stibling, Chief. 

Dr. C. G. Abbot, 

Secretairy^ Smithsonian iTistitution. 


APPENDIX 6 

REPOBT ON THE INTERNATIONAL EXCHANGE SERVICE 

Sie: I have the honor to submit the foUoiving report on the ac¬ 
tivities of the International Exchange Service during the fiscal year 
ended June 30, 1941: 

The appropriation allowed by Congress was $44,880, the same 
amount as for the previous year. There was also received by trans.- 
fer from the Department of State $300 from an appropriation made 
by Congress to that Department for cooperation with the American 
republics. This amount was allotted to the Exchange Service for 
mailing packages of publications to the Argentine Republic and 
Brazil, so that they would reach their destinations without the delay 
which occurs when shipments are made through exchange bureaus. 
To all other South and Central American countries, with one excep¬ 
tion, exchanges are transmitted by mail under governmental frank. 
From repayments there was collected $3,036.53, making the total 
available resources $48,416.53. 

The number of packages received for transmission during the year 
was 576,282, a decrease of 63,062. The weight was 388,649 pounds, a 
decrease of 138,896 pounds. 

The following table gives the number and weight of packages sent 
and received through the service; 




Welebt 

Sent 

abroad 

Received 

from 

abroad 

Sent 

abroad 

Becdved 

from 

abroad 

United States parliamentary docnmeDteseat — 

Publications received In rotom for p^Uam^tW documaints— 
United States departmental docom^ta sent 

PubUcatlons received la return for 

MiaceDaneoas adentiflc and literary publications 

Miscellaneous sdentlflc and literary pablicatlons racelved from 

MO, 021 

3,044 

27,116 

Pouedi 
136. TIT 

' 

lia,897 

Pound* 

itum 

Bprofiu- ivj tuaLn w***"-^ 

644,709 

31,613 

363,346 

36,304 


976,2S2 

383,649 



The packages referred to in the above table as sent abroad were 
forwarded partly in boxes by freight to exchange bureaus for dis- 
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tribution aod partly by mail liirectly to thoir dcstinationa. Tbo 
number of boxes fJiippeii was OGfi, a diK^reySf; from the pTBoeding 
year of 929, Of these boxes, '119 were for depositories of full sets of 
United States gaveramenta] dectimeuts and tlie contents of the re¬ 
mainder were for depositones of partial sets and for distribution to 
various establislunejit8 and individuals. The number of 
packages was 117,700, 

As stated last year, when a decrease in the work of tba office was 
reported, the falling off in the amount of niaterial bandied is due 
to tha interruption of the iiitenJiiingo of publications between the 
United States and many countries owing to the foreign wars. Ship¬ 
ments to nearly all the Euniiiean countries, as well as to fihitia and 
places bordering on the Mc^terTancan, hare been suspended tem¬ 
porarily. Through s|ieciH] efforts, however, it has been possible dur¬ 
ing the latter part of the year to forward large consignments to 
Sweden and Switzerluntl. Trariffinissions were made to Finland 
and the Soviet Bepublie almost to the end of the fiscal year, but 
when those countries Iwcarae involved in the European war, further 
shipments to them were suspended. One large consignment was for¬ 
warded to Spain during the year and several others were sent to 
Portugal. Owing to tlie conditions abroad, however, the Institution 
cannot follow any rtjgular schedule in the sending of boxes to those 
two countries. W'ith the exceptiou of one or two short suspensions, 
there has beeji uu interruption to the transmissioa of shipments to 
and from Great Britain, although, owing to the ehortage of cargo 
space, it lias not been poaubte to dispatch eonsignmeuts as promptly 
as bef ore the war. 

The British Museum and tlia London School of Economica and 
Polititail Science, both depositories of United States governinental 
documents, have requested that no furliier consignments be for- 
wanrled to them until the close of the war, heenuse of the possibility 
of destruction of the material through the bombings of London. 
The Edinburgh Public Library and the St jiViulrews University also 
have asked that publications for them be Ktored until Uie c e p ^ tion 
of hosLUltias. No other requests for the withholditiig of transmiisiuns 
have been made by British ostabUshments. 

The very large number of iMickagea for shipment abroad that are 
being held here awaiting the cessotion of the war has over, 
taxed the space in the Exchange K)f>tn.ij to such an extent that it baa 
been necessary to construct a storage shed in the grounds in the 
rear of the Smithsonian BnUding for rtoring the books. The struc¬ 
ture is made of eonruguted iron and is substantially built. When 
the emergency is over, the shed will be used for the storage of empty 
packing boxes. 
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Since the outbreak of the Euroiiean wur in Septembor 1839, sn 
far na reported to the luatitution, five conaigiuneiits of eaohangca 
hare been lost, the details of whicli are given bclorr; 

Plw bnaes furwanleJ to Denmark In Ehjrember ItKfl) were dCBtreT*'! oa Uic 
dock In norjpin Oy Are canwd liy olrpIaHe bombardmenL 

Five bMW sent to Fnmre la April H>iO were dwtroyed by fire « ll» HaTre 
r^Hroad atatioiL 

Ele™ l)o*« fnrwiiTded lo England In Nevember IM) were lost ot sen. 

Thlrlwn boiw rent to Oetmiinr In Ansu3t 1B30 were lost at Havre after 
U» cvnslcnment wae dlaembarbed. 

One box. whilo la ikc wirtbt«u» ot the SnilUisnflhia ngentt la Lonttou owoU- 
inr abipreent to the InatUntloa. wao deatrored in JnwtarT by Are ennaed by 
utrpLime bcmbardnaciiL 

TOftKiGN UEPOSTPOHE^ OF aCFERNaIENT^^^ DOCtrimyTS 

On aocount of conditions in Europe due to the war, sereral deposi- 
tt)ries have been removed froiQ ths list of those receiving full and par¬ 
tial sots of United States governmental documente. This has resulted 
in reducing the number of those publications now received from a 
totalof 1 <M to 132—55 full and 3T partial sete. 

Tiie depository of the portial set in Haiti has bren changed from 
the Department of Foreign Affairs to the Ifational Library, The Hon¬ 
duran Ministry of Foreign Affairs has been added to the partial-set 

I^3t. ... 

A complete list of the depositories is given below: 


i](£rofirn»iEi or rtrrx mth 

AHflisTD^At Dlrecclfla ac fnvMtlsflClDUiHi, AtcWto j PrSipagiiDdfl, Mlnl^terlo do 

Bcluctones Erti&rlorea j Biteufta Alrea 

Avm&iMl Purliamtiit find Natloiml Ubmry, Canberra 

i^EW SOTTTH WALHii FubUo Llhrar>^ of New Sonth ByOnty* 

QiiEErraDEKDT ParlLumeijtoiTr liSbrnry. Brisbane. 

ScniTit AuOtBAw; PHrUamPutarr Llbr^dfa AdctBlde, 

Tabuaa'Ia: PBrlSsmcnUt^T IJbrary, Bobatt» 

VicniKiA: Palil Sfr of Vlctoiiu, Alelbotimt 

Whf™ AusTOaua: FnWlc I-ibrairy of Wwrt^rn Anstrailn, Perth. 

Bei^tctki BlbUoth^iie EoyBle* Bruxelles. 

BmAi£L£ fuMItoto Ntt^lonal do Uvto, Hlo de Junelfo. 

CiNAWL: Lltmry OttflWiu 

^rAMTHHlA: pTOTllH!llll LlhrUfF. WilliaiK?«^ 

OPfTAmio; LeKislfttixe LEtbruTTi Toronto. 

(iCTftiw: Ubrary cJ the tesWature of the Provlneu of Ouebec. 

Cim*: niblioiBBii Uaelfliial, San(ta*«^ ^ 

SI: Barrau «f Intoreatlomil EKhaage, Mlaietir of Educntlan, GhmaWng. 

CoiOMBtA; nihlloteca NncImiBl, 

Uwr* Rioa; OUcIbb de Depdelto f Oreju lutemaclonaJ do Publlcedoftw. San 

MinUtwla de EatodO. Dlre«i/tti do Rolad^M Gulluralw, Hahona. 
caccaoetovairu: UihUothAqne de I'Aaaimblte MotloMlev Preeae. 
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Denvark : Kongelige Danske Videnskabemes Selskab, Copenliagen. 

Egtpt : Bureau des Pablieatloiis, Minist^re Finances, C^tiro, 

Estonia: Eligiraamatnkoga (State L^brary). TaUInn. 

Finland: Parliamentary Library, Helsinki. 

Fbahcb : Bibllotli^ne Nationale, Paris. 

Germany r Reichstanscbstelle to Eeichsministerlum fiir Wiss^iscbaft, Eixle- 
hung and VoIksblMong, Berlin, N. W. 7. 

Fbussia: Preusslsclie StaatsbibMotbek, Berlin, N, W. 7, 

Great Britain : 

Enoland: Britisb Mnsenm, London. 

London: London Sebool of Economics and Political Science. (Depository 
of the London Connty Ck^nncil.) 

Hungary: Library, Himgarlan House of Delegates, Budapest 

India ; Imperial Library, Calcntta. 

lECLAND: National Library of Ireland, Dublin. 

Italy : Mlnlstero dell^Educazlone Nazionale, Eome. 

Japan : Imperial Library of Japan, Tokyo. 

Latvia; Bibllotb^ne d'Etat, Elga 

League of Nations: Library of the League of Nations, Geneva, Switzerland. 
Mexico ; Dlreccl6n General de Infonaacldn, Mexico, D. F. 

Netherlands : Boyal Library, The Hague. 

New Zealand: G^eral Assembly Library, Wellington. 

Northern Ireland: H. M. Stationery Office, Belfast. 

Norway: Unlyersitets-Blblioth^, Oslo. (Depository of the Government of 
Norway.) 

Peru: SecdOn de Propaganda y Publlcaciones, Minlsterlo de Relaciones Bx- 
teriores, Lima, 

Poland : Biblioth^ne Natlonale, Warsaw. 

Portugal: ElbEotheca Nactonal, Lisbon. 

Eumania: Academia Homanil, Bucharest 

Spain; Cambio Internacional de Publlcaciones, Avenida de Calvo Sotelo 20 
Madrid. 

Sweden; Kungllga Blblloteket StoddioInL 
Switzerland: Blblloth^ne Centrate F^drale, Berne. 

Turkey: Department of PrintiDg and Engraving, Ministry of Edncatlon, 
Istanbul. 

Union of South Africa ; State Library, Pretoria, Transvaal. 

Union of SoviEr SociALtsT Refubucs : All-Union Lenin Library, Moscow 115. 
Ukraine: Ukr aini a n Society for Cultural Relations with Foreign Countries, 

Kiev. 

Uruguay; Odclna de Canje Internacional de Poblicaciones, Montevideo. 
Venezuela; Blblloteca Nadonal, Caracas. 

Yugoslavia : Minlst^re de I'Education, Belgrade. 


DEPOsrrOElES OP PARTIAL SETS 


Aighantbtan : Ministry of Foreign Affairs, Publications Department, Kabul. 
Bolivia : Biblioteea del H. Oongreso Nacional, La Paz. 

Brazil: 


MtiTAs Gebaes: Directoria Geral de Estatistica cm Mlaaa, BeUo Horizonte 
Hio M Janeiso: Bibliotheca da Assemblea BeglslatiTa do Eatado, Nlctheroy 
BaiTMH GuiArri: Government SecretaT 7 ’a OfBce, Georgetown, Demerara 
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Canasa; 

AtBEBTA: Provincial Library, Edmonton. 

BBmsH CtttJitBiA: Provincial Library, Victoria. 

Bbdsbwick: Legisiatlve Library, Fredericton. 

Nova Sootu: Provlnciai Secretary o( Nova Scotia, Halifax. 

Paiscn Edwasd Iblabb: L^laUve and Public Library, Charlottetown. 
Sabeatchkwaii : Legislative Library, Regina. 

Cksios: Chief Secretary’s Office (Record Department of the Library), Colombo. 
Cbika: National Library of Peiping. 

DoiurncAir BEemiic: Blblloteca del Senado, andad TmJUlo. 

Eocadob: Blblloteca Naclonal, Quito. 

GoAincAiA: Blblloteca Naclonal, Guatemala. 

Haiti: Blbllotb«que Nationale. Port-au-Prince. 

HoNuinuB: 

Blblloteca y Arcblvo Naclonalea, Tegucigalpa. 

Minlsterlo de Reladones Exterlores, T^clgalpa. 


IcBiAiro: National Library, Reykjavik. 

''%ia™AL: Secretary, Bengal Legislative Council Department, Council House, 
Calcutta. 

Bibab and Obibba: Revenue Department, Patna. , ^ , 

Bombay: Undersecretary to the Government of Bombay, General Depart- 

ment Bombay* , _ ^ ^ 

Bubha; Secretary to the Government of Burma, Education Department^ 

Rangoon. 

Punjab: Chief Secretary to the Government of the Punjab, lahore. 
United Pbotincbs of Aoba and Oddh: University of Allahabad, Allahabad. 
Jamaioa: Colonial Secretary, Kingston. 

Libzbia: Department of State, Monrovia. 

Malta; Minister for the Treasury, Valletta, 

Newfounulaso: Department of Home Affairs, St. John s. 
-NiCABAouAiMinlsterio de Rdaelones Baterlorea, Managua. 

Panama: Secretarla de Relaclones Eiterlores, Panama. 

PAEAflUAT: Secretarlo de la Presidencla de la HepfibUca, Asuncion. 

Salvadob: Minlsterlo de Bdaciones Exterlores. San Salvador. 

Steaits SErtMMfarrs: Colonial Secretary, Singapore. 

Thailand: Department of Foreign Affairs, BM^ok. 

Vaticah City: Blblloteca ApostoUca Vaticana, Vatican City, Italy. 


inteupabliamentart exchange op the offictal joubnai. 

On account of conditions arising from the war, the sending of the 
Congressional Kecord and the Federal Register has been discontoued 
to certain countries. Haiti has been added to the list as a recipient 
The number of copies of the Record and the Register now sent abroad 
is 78, having been reduced from 104. A list of the present depositories 

is given below i 

DEPOSirOSIES OF OOI^ORESSIONAL BKOOKD 


ABGEJfxLtf A : 

Blblloteca del Congreso Naclonal, Buenos Aires. . „ .. 

Cfimara de Dlputados, Oflclua de Informacifin Parlamentatia, Buenos Aires. 
Boletin Oflclal de la Repdbllca Argentina, Mlnisterlo de Justlcia e Instruccito 
Pflbilea, Buenoa Aires. 
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Ausmam: 

Librurj of Hid OnniinDiitvfifllth Pa.rliitmC!dft Catibcrra+ 

i<cw Eouth Wai^s : LShrAtT of Parllmo^Dt of w SooLli Wttto, 

Qui^^su^: rhtpf Secretary'e gfllee, BrMmae, 

WicBn^m]T AnEtnAllA : Llbrory of E^arltouueiit of Weatora Austro] In, rerth. 
Dsuail; 

Dlhllothcco do CoDj^rew NncluDBl, Hlo de JoDotni, 

AHAsotTASs Attblro, BlbUotbecu « ImprenoA PtiNitOh MotiAoe, 

EAim t OovQrauilor do l^tjido do Bohln^ Sdo Salvador^ 

EstTBTm Sajtio: Pnaldimda do ISetado do B^frlta Vlelorla. 

Eio Quakds, so Sctl: '^A Federa^o/’ Porto nAJep^ 

Sao Pimo; SU^-to Omdal do ^ado de Pniilo* Sdo Pnxil& 

BlbUc>tiioca rabllen do Esturto do SeriTtpe+ Arocujd. 

Hoifouftia! Colonlol Secrotaryp 

Canadas 

Clerk of Um Sonato^ Hotwa of Parllaosoatt OlUiwtt. 

LSbrory of Forlforoootp Ottawa. 

Cmu: BibLLotecM del Capitol LOp Hobaoe. 

EatTT: 

Ctmmbro Ddputda, Cnijo. 

SdnAt, Cairo. 

GmiALTAa; OlbroUof Garrlsoii Librniy Coromlttec, CtbnJtAr. 

Gmpat Britain : Ltbrnry of the Forol^m OfllcCf loodon, 

CrrAfeuAiA; BlblJoEeca tie to Ajounbleo LeatmotlvOp GcuitciDaliL 
Hath; BLbllotJa^ao NutloiiEle^ Port-flipPrlDcc. 

HonbuHao : BlbilDtecii dol NftCJorfen], Teiguc^fulpa. 

HraroAaT: A Magyar orsataj^ip-illdg kOnyvtardp BddapejfL 
liTou: Lv^L^tlro I>epflrtti3Catp 8lm3u, 
iNuocHlruL: Gonrerociar G^ndml dO VlbllochluOp IIilboL 
Iaaet: Library of tbo Irotilfkii Porllomeot, T^dnm. 
llL\q; UtaamiMr of DopTidcOp Ba^bdiid. 

IiuaiK Fn£E State: Dali Elreoini, DabUi^ 

League or Nattono; Uhrary of thO oC NatLimSp Gonevap S^wltzcrloud- 

Lebanon : AUnErtl^re dcs Bioaiicce do la E^abliciaa Ubonalse, ServEec da Ma^ 
t^rlclp BelmL 

rjmiA: Department of BtntOf DIoanDvla. 

Metico : Dlrficefdn OenemiJ dc Informadba, Mexlcop D. F, 

AQUAacAij^fiiTits: Ooberoador dul £^tado dc AfuaEcqllenteAv AijmBcallentea. 
CAMmoHE; QotN^mador del Estado de CainpechOp COtuprftbo. 

Cbia^abi Goberuddor del Estudo d# OlEdpoa, Toxtlii GutEotrex^ 

CmntiAHtJAi Gobemudor del K^fiodn da GhtboahaRp Cblbaabao. 

CoAinriLA: Perl^loo Oilclol dd E^do de CooballAi Polado do Goblertio. 
SaltUIo. 

CouatA I Gobvrimdor dal lilsfLodo do Colima, Goltnui. 

DtniANoo: Gobanmdat CoQstJtaciuaal dd E^fado do DnroiigOp Darooecp. 
CrrAKAJUATo: Socrutaiio Goacral de Goblomo dd Bstado, Gaanajdatja 
Grmnrao ; OcKbernmdor dd L^do de Gnerr^ro^ ChUpiuiclEi^ 
jArjpro: Blbltoteca del Ei^dOp Gaadolojnra. 

IjawEft CAijfiiflHui; Gobemador dd Dlatrtto Ilortev MesIcjilL 
AtAxjcn: Gacda ild GobEomiv Tolqija. 

Micboac^N: S«cretarEo Ganeral do GoWumo dd Estodo dv MMkOAcda 
MoroUm 

Mdkeiah; Palado da GoblemOi CtieroavaciL 
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Afionork—Cflutlnaed. 

NATAmrr; G^abeniAdQr ds Z<kayarlt^ 

KtTEVo Lnd?! ^ BIMEatm dEJ KstadOn Mouldr^jf 
Oaxaca ; PcrtMlcd ODi!lal+ Ehiluclo ik G^iiblemo. Oiiiiuai- 
PuzDLA^ 8^erctiirfa GESf^ra.! ili^ Gublersu^ Fuc^la. 

QxjifttTAbO: Bocrctarifl Geireri,! d* Bwl'ftn de Atic1iSto+ QuetitntJ. 

fti.w hvm Porqstt dal ESuii Li^ P6t(^ 

liiBfALcut: Oabernudof d&] Fstado SIhelI^t CuILadUi# 

Sterioiu: Oiibemudjor dol Estadn dc 5 oiioti^ HtfnaoaUitx 
Tjaum-H! Setif^tarla Genctal d<^ Goblemai Secclda Jtatcwj da Prenaa^ 
YlEiJierTncHia. 

Tj ± tn Tn-ji a I SccfcUirfa Gaaaral da Gobtanio^ Tietortuu 
Tulxcala! Scctcttrla dc GobJerao Epfudtip Tliuailu. 

Vekjlckux! Gvbmmdor dd E^iW iSe Tcrmmii, DvpurtamauCc da Ocber^ 
imcidn j JoEticdiLp Jaluptu 

YmurAnz GobemailDr d^ £4Epda Jc TcCJitAiif Mdridap YUcfitAjil. 
NrrHzsLAiTDH IiTEisa: VoLkmad tau NcdcrJundwll-IlidiB, Bttta?iB, Jam. 

Niew 55*AT^srp: ObbotbI A8flemb]j libfar^f WalllnjftciL 
Ptatr; Oimafa da PiputndaE; LLma. 

E^amu: 

BLbllDtL^DC da 1A OiAiubm dea Dapcl^iL Eucbarest 
^ttalatCra daa AfTfilfas Etranjiferes, Eticlium^ 

SvvmciLAircp: BiblictbiNltia de rAHsmnbSte Suis&a, Bcnta, 

Beb.'^ : BLaatalcaa^lal (k^ K^ntmm Bam. 

St. GALLEFf: BtaataJumiilal dc4 Kbutfsca Sl GikJlui. 

SCQiJumLimkN: Bcoatakan^Jai daa Kunt^mR SctmlOmoKa. 

EducB: S£ii:atfijEaii^i?l d&^ Eantofis ZdridL 
Tuairzr: TnrklJdi GnmiJ Nattcaal Asscmb^p Aokani. 

UifXOH isr fliffCTH AmcA: 

Llbmrj of PiarlLai:naDt Cb^ Tcwb, Cupe til Good Hope- 
State UbraTf^ Ptatortn^ TranBraaL 
VtmuAti Dliirlo OfliaSnl Floridu 117K, MaalaT^eo. 

VEZfizuELAt Blblldtccd M CoflHTTMfl, CuratML 
VATiciii Citt: Blblloto<?ik Apoetellcfl Vatlcana^ Vatican CSty^ Italy. 

FttfiMiaN EXCHANGE AGHNOXa 

Thfl bureaus or agencies to wMeh coiurignBieBlB are forwarded 
boxes by freight ars giveii below* To oJl countries not appearing 
the list, packages arc ^nt directly to their destlBatioBS by maib 

uer Of AflKanm 

AJjKEiiAp tIa France 

AjfocEUp Tla FcrtaffaL 
AnaruAp rlt Germnuy* 

AxcBEOp tIa PortoEal. 

"Rwimxui Serrlce Beige dco fiohAnira internatlODaux, Bibllatb^que "RoSAk dc 

Belgique Bruxcllc*. 

CAHAar leiAiM. via Spain. 

CliUfA: Bureau oC Inrfematlyiiftl EsdlAngfl. oE lidncatlun, GbnafklDg. 

i:z£CHOBUir AKIA; SeiTlts dea fiebanges Intamationaax. BlbUotbAiiuR do 
PAs^blAe NAGctiole, Pragne 1-m 

Dehuase: Sorrlm Panel A dffl Istbaagra IntcrnBdoaani, Koog^dJiR Bonalce 
VidetiHkAbem&« Sfiakab, Cop^nh&gfi^ V. 


a a 
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Egypt * Government Press, PnbHeatlons Office, Bulaq, Cairo, 

FtnilAitd: Delegation of the Scientific Societies of Finlaiid, KasUmgatati 24, 
Helstnki 

Fraiici:: Service Franeais fies iSchangeg IntemationaTis, 110 Bee fie GreneUe, 
Paris, 

GEKiTAirr; Amerika'Inatltnt, Universltatstrasae 8, Berlin, N. W, T, 

Great Britain and Ireland: Wbelfion & Wesley, T21 North Circular Road, 
Willesfien, London, NW* 2, 

Hungary: Hungarian Libraries Board, Fereneiekterc 5, Budapest, IV* 

India; Superintendent of Government Printing and Stationery, Bombay, 
Italy : Uffleio degli Seambi Intemazionall, Mielstero fieirEducazlone Nazionale, 
Borne, 

Japan: International Exchange Service, Imperial Library of Japan, Uyeno 
Park, Tokyo. 

Latvia: Service des ^changes Interuationaux, BlbUoth^ue d'Etat de Lettonle, 
Riga. 

LuxKifBOUBQ, via Belgium 
Maragascae, via France, 

]yiADEXRA, via FortugaL 
Mozambique, via Portti^L 

Nsttherlands : International Exchange Bureau of the Netherlands, Boyal li¬ 
brary, The Hague, 

New South Wales: Public Library of New South Wales, Sydney, 

New Zealand ; General Assembly Library, Wellington. 

Norway: Service Norv4gien des ^^changes Internationaux, Blbllotb&Que de 
rilniTeTsIte Boyale, Oslo, 

Paleshne: Jewish National and University LlbraiT» Jerusalem. 

Poland : Service FolonaLs des ^changes Intemationaux, Blhlloth^ue Natlonale, 
Warsaw. 

Porxuqal: Seccflo de Trocas Intemactonaes, Bibliotheca Nacloual, Lisbon. 
Queensland : Bureau of Exchanges of International Publications, Chief Secre¬ 
tary’s Office, Brisbane, 

Rumania: Miniature de la Propagande Nationale, Service des fehanges Inter¬ 
nationaux, Bucharest 

South Australia.: South Australian Govemmeut Exchanges Bureau, Govern¬ 
ment Printing and Stationery Office, Adelaide, 

Spain : Junta de lutercnmbio y Adquisicldn de Llbros y Eeviatas para Bihlioteeas 
Pfibllcas, Mlnlsterio de BducaciOn Nadonal, Avenida Calvo Sotelo, 20, Madrid 
SwimRN: Kungliga Bihlloteket, Stockholm, 

Switzerland: Service Suisse dea ^changes Intematlonani, BlbllothSque Ceu- 
trale F^d^rale, Berne, 

Tasmania: Secretary to the Premier, Hobart 

Turkey: Ministry of Education, Department of Printing and Engraving, 
Istanbul. 

Union of South Africa: Government Printing and Stationery Office, Capetown, 
Cape of Good Hope, 

Union Ofr Sovtnt Socuaubt Rkpuriics: International Book Exchange Depart¬ 
ment, Society for Cultural Relations with Foreign Countries^ Moscow, 58. 
YicrroBXA: Public Library of Victoria, Melbourne, 

Western Australia: Public Library of Western Australia, Perth, 
Tuooslatxa: Section des Ecbanges Intemationaux, Mlolstere des Affaires 
fitrang&res, Belgrade. 
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After the expiration of the year’s extension granted Frank E. 
Gass, he was retired from the GoYemment service February 28,1941, 
However, having b^n appointed correspondence clerk on the Smith¬ 
sonian private roll, effective March 1, he is continuing to carry on 
his work in the Exchange office. 

Kespectfully submitted. 

C. W- Shoeriaker, Chief Clerh, 

Dn C. G. Abbot, 

Secretai^^ STTiithsoifiictn Institution* 


APPENDIX 7 

REPORT ON THE NATIONAL ZOOLOGICAL PARK 


Sib: I haTe the honor to submit the following report on the oper¬ 
ations of the National Zoolo^cal Park for the fiscal year ended 
June 30, 1941: 

The regular appropriation made by Congiess was $239,910, all of 
which was expended with the exception of $2,440 which represents 
savings from lapses in the filling of vacant positions. 

PERSONNEL 

An important personnel change was the appointment on June 
2,1941, of Carter H. Anthony, D. V. M., as veterinarian. He came 
to the Zoo from the University of Arkansas, where he was engaged 
in animal disease research work. This is the first time in the 
history of the Zoo that a full-time position of this character has 
been fiUed. It is expected that this will result in a more careful 
dietary supervision, as well as much better medical and surreal 
attendance on the animals. Also closer cooperation can be given 
the various Government departments, as well as outsiders, in any 
experiments and studies in which the facilities of the Zoo are used. 

A much larger turnover in the force than in prior years has been 
occasioned by men accepting positions in work connected with the 
National Defense program. Included in this was the recall to active 
service of William J, Grant, senior operating engineer, a member 
of the Naval Reserve. 

mPEOVEMEN'rS 

The closing of the W. P. A. project at the Zoo on August 6, 1940, 
prevented improvements that had been contemplated for the year. 
The regular force is hardly sufficient to maintain routine repairs, and 
therefore few improvements were begun. 

The series of four waterfowl ponds was completed, and birds 
transferred there on July 29, 1940. This now makes one of the 
most attractive outdoor exhibits in the Zoo. It is especially so 
when viewed from the terrace of the new restaurant. 

The reptile pit on the south side of the reptile house was com¬ 
pleted by adding a small waterfall at one comer. 
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PLATE 5 



1. DINING ROOM, NEW RESTAURANT. NATIONAL ZOOLOGICAL PARK. 



2 Biros in the refrigerated cage. National Zoological Park. 

The nve birdaare those rOTOived from ADtomtic Sorvioe EipcJltion. IWl. The three pongiiins 

right f^esrouncl. ore emperors; the one to the left is a geiitoo penguin; rear center, n kelp gull. 
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The old waterfowl pond near the creek was filled in with earth 
and crushed rock, though no grading was done- Some planting was 
done in that area. It is planned to utilize this space for parking of 
cars and also to make part of it available for picnicking. 

Work was begun on remodeling the west side of the antelope build¬ 
ing, and at the close of the year it was about two-thirds completed, 
A cage is being constructed to house the pair of reticulated giraffe* 
This wiU give them a cage with a higher ceiling as well as a larger 
outdoor enclosure. 

The restaurant constructed by the P. W, A, under an allotment 
of $90,000 was completed in the fall of 1940. It is of the Virginia 
tavern type of stone construction. The main dining room is beauti¬ 
fully decorated with murals of carved lacquered linoleum, executed 
and mounted by Domenico Mortellito, This, with the outside ter¬ 
races overlooking the new waterfowl ponds, has proved to be a 
popular luncheon and dining place for the public. The new con¬ 
cessionaire, L* G. Leech, opened the restaurant for business on 
March 29, 1941, 

The area about the new restaurant was landscaped with evergreens 
and other trees and shrubs. An azalea garden of about 300 plants was 
laid out on the hillside west of the restaurant. This will greatly 
add to the beauty of the surroundings, especially when the plants 
are in bloom. In addition, about 200 wild azaleas, more than 100 
dogwoods, and about 40 redbuds, as well as other trees and shrubs, 
were planted about the grounds. 

It is with pleasure that we take this opportunity to thank C, A. 
Logan, of the Beltsville Agriculture Center, for the more than 350 
trees and shrubs that were obtained from their C, C. C, nursery. 
These included shade trees, flowering plants and shrubs, fruit- and 
nut-bearing types, and others suitable for ornamental purposes. 

NEEDS OP THE ZOO 

Proper buildings continue to be the chief need of the Zoo. Struc¬ 
tures most urgently needed which would complete its development 
are a new building to house antelope, deer, wild hogs, and kanga¬ 
roos; one for monkeys; and one for carnivores to replace the present 
building, which is no longer suitable for the exhibition of these 
animals. 

Since the closing of the W, P, A. project, and with the increase 
of exhibition areas, the existing personnel is inadequate to maintain 
the grounds in a presentable condition. It is therefore important 
that the maintenance personnel be increased by at least 10 men. 
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VISITORS FOR THE I HAH 


A rwnril of tbo nttandance for the year shows an incresso of a 
little Rioi^ than S00,0(H} viBitors over tho figures for last year. This 
is duo in part to tho juerGass in population in tho cKy. 


July---ESI, 700 fahniiiTj- _ EKk SOO 

Aupul--216. aoo March_171.700 

Sepremhor-816.000 April_ E05,0CO 

October----lOftaOtl my, _ £77,800 

November-1KJ1.90O June-W.lflO 

DwtSnbcr-.—---U4,700 .__ 

Jiuiuary--am Xolnl__S 4Sa 300 


The attendance nf organkations. mainjy dassca of stiKlcnts, of 
which tiiere is definito recon], wag 48,060, fitam 8T6 different sduwis 
or groups in 20 States and the District of Columbia. This is the 
largest number of such groups ever reconJed. A complete lisLins 
|jy States follows: 
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About 3 o’clnck eiiety afternoon, a census is mad a of the cars 
parked on the Zoo grounds. During the year 56,183 were so Jisted, 
representing every State in the Union, as well as Alaska, Canada, 
Canal Zone, Cuba, Hawaii, Meiico, and the Philippine Islandw, 

Since the total number is merely n record of tbosa actually parked 
at one time, it is not of value as showing a total attendance, but is of 
importance as liulicating the pcreeiilage of attendance by States 
Temtories, and countries. The record for Uie year on this basis 
^ows the District of Columbia automobiles eomprised SS percent’ 
Maryland, slightly more than 34 percent; Virginia, IB percent: Penn’ 
^ivania, 4 percent; and the remaining cars were from otlier States 
TemtianeSj tmtl countries* ^ 


counted on Siindavs and 

Thir^ ^ more 

than 50 pensnt of the cars were from outside tho District This 
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at least BO percent from outside the District, 
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ACCESSIONS 
heiji work 

SmTHSQJTlAlif-FlBESTONE EXPEDlTIOPr 

A partial account of this expedition -was given in tie 1940 annual 
report of the Director of the National Zoological Park. 

Through funds donated to the Smithsonian Institution by the 
Firestone Tire & Rubber Co., of Akron, Ohio, a party was sent to 
Liberia, West Africa, for the purpose of collecting specimens for 
the National Zoological Park. The party consisted of the Director, 
Mrs. Mann, Ralph Norris, and Roy J. Jennier. They sailed on the 
American-West African Line on February 17, 1940, for Monrovia. 

A preliminary shipment of animals collected was made from Li¬ 
beria to Boston in the care of Roy J. Jennier, who arrived at that 
port on May 17, 1940. A list of these animals can be found in the 
1940 annual report. The remaining members of the expedition ar¬ 
rived in Norfolk, Va., on August 6,1940, with 100 specimens, several 
of which were species new to the history of the collection. We 
again wish to express our sincerest appreciation to the members of 
the Firestone staff, both in Liberia and here, for the aid and 
hospitality given the expedition. 

A list of the live animals which arrived in Norfolk on August 6 
follows: 

eMrmaoDfiAN-FiHKSTOEiH lapEDmow 

Bdentltto 

-- 

Genetta poerniB —--- 

Nandinia Unotata -- 

GalereJla melanura -— 

PefCKiCctictt* potto -- 

Cercoeedu# 

Oeroocehm $p— --- 

Mandrillus sp--— 

Fapio papio - 

Ett^erus erpihropu^ lacuatris - 

MeUivora capemU —--— 

Cricetomps pambianus Uberia €— 

ChoeropHs liherien»is - 

AlAerwro- apicana --- 

Hyem08chu9 aquaticus -- 

Cephalophus niper - — 

Oephalophu^ nigrifrons - 


C&miTiQfi nafn« JIum&er 

_African —- 2 

_Dark genet-—---- 2 

_African palm civet---—1 

_Dwarf clvet^^-- 1 

_Potto-—-—— 1 

_Wblte-CTOwned mangabey- 1 

___ Mangabey—-—--- 6 

__Mandrill_ 1 

_Baboon- 1 

_African gronnd squirrel-— 2 

__Katel _ 1 

_Liberian giant pouebed rat- 2 

_Pigmy blppopotamna- 2 

_ West African brnsb*tailed porcupine 1 

_ Cbevrotaln^- 4 

_Black diiiker^_._^.-- 3 

_Black-fronted dniker_ 3 
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j»rmi(N}?n«tfr-naeJvin)(e m - LPm o^—contlnapd 

nam# BPiiMiFl nffwa^ flTlfin ftpr 

Crofl^aiT^ut ___ _Munth elT^t-__ _ 1 

PMtiacut triihai^ut- --- Aftltan parrots -- 2 

-- Red frtcoa loTcMrd.^^ _ 10 

CmUtffftmna - - -- rfOloir cqsqii^ I 

StffihanC(Uftn$ irnmatuM— -- . , . Crowxii^d bawk-cogle„_ _ _ 2 

9»jrelen#^4-- nih-cALlcLf mltni^__ 1 

KaupifatJi^o __——— ^Torthem llxiird-liuiurd^-^.__ 1 

-i<trfpffer fwckin> mocrcmlfffcf__ We«t A£rii3.rL goaliiwli-__ _. 1 

Bifi^ noticornU ___ Khinoc€zvMi TtrM?r__^ _ 3 

iTfff* pa^nfcff_-___GabOMi __ 2 

Nafa ap____ ___ Cfll>t*fl___ . _ _ _ _ 2 

Pffthm —^__— - West Afrieftn ^jihoa _ - 2 

Fai-anui fiNo^fcvi_ ____ , Nile inOTiltr¥r- .. _ 4 

HppcTurfei ap„— - --— -- West African trw _ U 

/foaa ocrfpilaJfr_ _ __ . West Afrlcao biillfr^f _ 4 

OifeolaemuM tetratfnM^_ ^^___ _ Brcaa-QWd crsKodUe.___ 1 

- Nflrrtiw-liOdwl CTDeoilUa.-__ ! 

JTfnLrpa - West African T»act'liLng&d InrtoLse t 

FtftiJtiaf ffdrfildiiya_____ TutIJb^^ _ i 

A Gtuuiuiiry ijf the Hpccimens received from the expeditioti, 
including those ia both shipment^*, followts: 


ApMfri Iitdividuatt 


HllHUU(t£j| __ 

23 

48 

42 

70 

10 

14 

BLrdii 

Ifi 

Heiitllea 

20 

AnqdiJblnnfl- . . __ _ , ... _ 

2 

MoKlufckfj ___._, _ _ ___ . ___ 

1 

Total ... 

_ 01 

1B0 


tSWT9 

Pleasant coDtacta made by two previous expeditions have resulted 
in the receipt as /^fts of a number of desirable specimena; 

From the Firestone Plantation in Liberia, tbroujrh Gcorgo Sey- 
bold, manager, and Dr, Fuszek, IHrector General of Publio Health 
of Litwria, the Zoo teceivetl a pigmy hippo, a western ehimpanzeo, 
A leopard, 2 rhinuceros vipers, a green, mamba, a crowned hawk- 
eoglo, and a porcupine, niesa resulted from associations made dur¬ 
ing the Smlthsoniati-Firastone expedition of 1040- 

Through contacts mads by Malcolm Davis, Zoo stuff member of 
Uia Antaretic expedilion of 1940, an interesting lot of birds was 
received, including 3 emperor penguins, 4 Gentoo penguinsj 2 kelp 
gulls, and a giant fulmar. Thm birds were collected through the 
cooperation of HichartI Black, Dr. Paul Siple, Jack Perkins, Eogcr 
l^wtliorne, and others of the exp^ition, and brought to the States 
by Hcrwil Bryant, Jr., whose painstaking care on the trip saved 
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aU the specimens. Other outstanding gifts include a pair of black 
bear cubs from Newbold Noyes, Washington, D. C., an ocelot each 
from Maj. C. V. Haynes, Iiangley Field, Va., and N. M. Rhodes, 
U S Naval Academy, Annapolis, Md., and a trio of tahr goats 
from the New York Zoological Park. E. A. McHhenny, of Aveiy 
Island, La., has continued his generosity by sending a number of 
waterfowl, greatly adding to the exhibition value of the new water- 
fowl ponds. A complete list of donore and their gifts follows. 

ANU THEtB GIFTS 


Mrs. Robert Adams, Wa^ngton, D* C., 2 opossums* 

Mrs- Reed Alexander, Washington, D. G*, Virginia rail. 

Richard Arcbbold, American Museum of Natural History, New York, 2 ring¬ 
tails or cacomistles. 

S. D. Ashford, Washington, D, G*, opossmn. 

Mrs* X K* Atherton, Hyattsville, Md*, double yellow-head parrot 
Juditli Atkinson, Washington, D* C*, white rabbit* 

Vernon Bailey, Washington, D. 0., 5 antelope squirrels, 2 eastern chipmunks, 


mountain wood rat. 

Robert Ball, Washington, D. G*, Pekin duck, 

Herbert Barber, National Museum, Washington, D* C., mink* ^ , 

Dr. T* Barbour, Museum of Comparative Zoology, Cambridge, Mass., 3 Blorida 
king snakes, 2 chicken snakes, garter snake, glass snake or legless ii^rd, 
horn snake* 


Mrs* Bemar, Bradbury, Md*, 5 opossums. 

J. B* Berry, Washington, D* C*, red fox* 

Howard Blanchard, ArllngtOii, Va., 5 horned lixards. 

Mrs. Blumenberg, Washington, D* C*, common pigeon* 

Warren Bowman, Washington, D* C*, milk snake* 

Miss Wilma Bradford, Washington, D* C., 2 cottontail rabbits* 

David S, Brown, Washington, D, C.. Florida diamond-backed rattl^nake* 

Mrs. R. Brown, Washington, B. C., robia 

J, Brylawski, Washington, D* C., great homed owL 

Mrs* J. S* Burdette, Kensington, Md*, double yellow-head parrot 

W* W* Campbell, Rlverdale, Md*, barred owL 

Patricia Chambers, Washington, D. C*, white rabhlt 

Mrs* Clprlano, Washington, D. C.. angora rabbit. 

Charles Clark, District Training School, Laurel, Md., 2 red-tatled hawks. 

Mrs. M. O. Clarke, Chevy Chase, Mi, red-tailed hawk. 

Mrs. H. Clements, Washington, D. G., white-eyed parrot 

Ellas Cohen, Washington, D. G. (through J. N. Hamlet), copperhead make. 

H. James Cole, Bethesda, Md., 4 green tree frogs, hog-nosed snake, 2 garter 

snakes, 6 common tree frogs. 

Martin S. Cooper, Arlington, Va., ring-necked pheasant 
Mrs. B. J. Costello, Arlington, Va., 2 alligators. 


R. E. Crouch, Washington, D. C., oppossum. 

Mrs. E. C. Davis, Washington, D, C., 20 guinea pigs, rabbit 
Harry Day, Hyattsvllle, Md., king snakes 11 painted turtles. 


9 SDotted turtles, 


snapping turtle, 2 musk turtles. 

W. M* DeNeanev Washington, D. C., common iguana. 

Benjamin a Dooley, National Zoological Park, red-breasted merganser. 
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Cliarles East, National Museum, Washtogton, D, 0., pilot snake, fox snake 
Robert Ellis, Wasbtogton, D< C,, king r an, 

Mra M X Fadgen, Baltimore, MX, troupial* 

Dr* Ferguson, Washington, D, C*, eastern eardinaL 

Albert A. Fields, Washington, D, C*, rough-sealed green snake* 

Flreatoae Plantation, Harbel, Liberia, pigmy hippopotamus, western chimpan' 
zee, leopard, 2 rhinoceros Tlpers, green mamba* 

Fixestone Tire & Rubber CJo*, Akron, Ohio, East African porcupine, crowned 
hawk«eagle* 

Fish and Wildlife Serrlee, Department of the Interior, Beltsville, Md., 12 Canada 
geese* 

Fish and Wildlife Service, Department of the Interior, Washington, D. O*, 8 black 
ducks. 

Fish and WOdllfe Service^ Mattamuskeet Refuge, New Holland, N* 0*, pintail 
duck* 

Fish and Wildlife Service, Sacramento National Wild Life Refuge, Sacramento, 
Calif., 10 cackling geese* 

Fish and WUdlLf© Service, Seney Northwest Refuge, Germfa^, Mich., 2 blue- 
winged teal* 

Fish and Wildlife Service, Department of tbe Interior, Wichita Mountains^ Wild¬ 
life Refuge, Cache, Okla., American pik- 

Fish and Wildlife Service, through H, A. Bailey, Pnngo, Va*, 3 whIstUng swans. 
Fish and Wildlife Service, through John N. Hamlet, Washington, D. a, Florida 
diamond^back rattlesnake, pigmy rattlesnake, chicken snake, pine snake, 
coach whip snake, 2 pilot snakes, 2 eastern porcupines* 

Fish and WUdllfe Service, through John M* Hopkins, Waycross, Ga*, bald eagle* 
Fl^ and Wildlife Service through WUliam Hopkins, McBee, S* C., for Caro^ 
Una SandhiUa Refuge, wood duck* 

Fish and WOdllfe Service, through George Mushbach, National Bison Range, 
Molse, Mont*, bald eagle* 

Flah and WlldUfe Service, through Sam A* Walker, Manteo, S. C*, 2 blue-winged 
teal, 6 American coots* 

Ralph Fisher, Hyattsvtiie, Md*, opossum. 

W, M, Pitch, WashingtoQ, D. C., alligator* 

WOey ForX Washington, D* C., 3 guinea p!gg* 

L* y. Friedlel, Washington, D* G, Pekin duck. 

Mrs* J* Friedman, Washington, D *C„ screech owl. 

WUMam Gee, Washington, D* G, barred owl. 

J. Gott, Washington, D* G, least bittern* 

Norman Gramam, SultlanX Md*, great blue heron* 

W, B* Greenwood, Washington, D* G, 2 western rattlesnakes. 

Martha Hall, Glen Dale Sanatorium, Glen Dale, Md^ Pekin duck. 

John N, Hamlet, Washington, D. G, taym* 

Major C* V* Haynes, Langley Field, Va., ocelot 
Helen H* Haynes, Washington, D. G, Pekin thrush* 

A, M. Hazel, Washington, D. C*, barrel owL 
Dr, A* HeniTt Washington, D. C., weaseL 
Mrs* F* W, Hill, Washington, D* G, blue Jay. 

G* A* Holland, Texas, 4 Texas rattlesnakes* 

Miss Hopkins, Washington, D. C., mourning dove* 

Miss G* E, Hudson, Washington, D* G, painted turtle. 

N. Hynson, Washington, D, C., FeMn duck* 

Mr* Jacobsen, Arlington, Va,, 3 peafowL 
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Mr* and Mrs* C. M, James, Landover, Md,, bomed owl^ 2 Talley quail, bobwMte, 

G. H. Jelinek, Waskington, D* C*, Pekin duck, 

Mr, and Mra* Joseph M, Joel. Washington, D, C„ ferret 
A- H Johns, WasMogton, D, C,, painted turtle, 

Sgt, D. Jones, Police Department, HockTllle, Md,, black widow spider, 

John Paul Jones, Washington, D, C,. opossmn. 

Dr, Howard A, Kelly, Baltimore, M<L. 2 marmosets, 

William Kennedy, Washington. D, C*. sparrow hawk, 

C, B. Kimball, Washington, D, C., Virginia ralL 

Mrs, H Klngsland, “Blackstable,*^ Aiken, S* C*, 2 barred owls. 

Mrs, Krast, Washington, D, C.. alligator* 

Mrs. H. W* Lambert, Washington, D* C*, 2 painted turtles. 

Brady D* Large, Washington, D. G,, dng-necked pheasant 
George Leonard, Washington, D. C, alligator. 

O. M* Locke, New Braunfels, Tex*, 52 horned li^rds. 

Mr. LoTell, Washington, D* 0., large brown bat. 

Mrs* A. N, Lukacs, Washington, D* 0*, skunk. 

Ernest Lupton, Washington, D. C., black-crowned night heron, 

Mrs. J, A. Lyon, Washington, D, C, 2 Arkansas goldfinch, painted bunting* 

Mrs* J. A. Mandley, Washington. D. C*, white-throated capuchin, 

Mrs. L. 0. Manley, Chevy Chase, Md*, ferret. 

J. P* MarshaU, Alexandria, Va., great blue heron, 

Mrs. J. J. Marvel, Tskoma Park, Md*, Cuban parrot 
Edward Matteossion, Bethesda, Md*, weasel* 

Sgt, J, McAuliffe, Bethesda. Md, barred owL 
B* McCleUen, Washington, D* C., barred owL 
Henry J, McDermott, Takoma Park. Md*, 2 canaries* 

B, A. McGee, WasMngton, D. O., opossum, 

m A Mcmenny, Avery Island, La*, 15 pintails, S green^wtnged teal, 4 canvasbaek 
dndtSt 7 lesser scaup, 6 coots, 24 bine-winged teal, 2 Florida galllnnle, 6 bine 
geese, 2 l^ser snow geese, S hybrid ducks (greenhead and black mallard), 
ring-necked duck. 

Evan McLaughlin, Washington. D* C„ ring-necked snake. 

Dr* H* R. Mills, Tampa, Jla*, bald eagle. 

Vernon Mills, Fallon, Nev„ 7 soft-haired ground squirrels* 

Mrs* B* T. Minahan, Baltimore, Md,, common marmoset 
Miaa y, Moore, Washington, D, C*, great white heron. 

G, Myers, Stanford University, Palo Alto, Calll, 33 California newts* 

National Institute of Health, through Dr* J* Ohphant, 2 golden hamsters. 

J* A Nettle, Washington, D* C.. screech owl. 

New York Zoological Park, 3 tahr goats* 

Newbold Noyes, Evening Star, Washington, D. 0*. 2 black bears* 

James OHagen, Washington, D. C„ woodchuck or ground hog* 

Mrs* BL A* Ourand, Takoma Park, Md., red-shouldered hawk* 

Logan Owens. Jr*, Washington, D* C., coot 
Miss Nancy Pelty, Washington, D* C*, Pekin duck* 

Dr. Elmo Peters, Washington, D* C*, alligator, 

Capt S* Picking. Coco Sola. Canal 2knie, Panama, 2 Galapagos tortoises. 

John A, Plngge, Chevy Chase, Md*, snapping turtle. 

Mrs. Virginia Poore. Mount Balnler. Md., white-throated capuchin. 

Mrs. Edward Fortner, Washington, D. C, 4 skunks* 

Mrs. Pratt, WashlngtOD, D* C.. turtle. 

Mtaq G, V* Rainey. Takoma Park, Md-. alligator* 
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Mildred Reed, WaahtB^oo, D. C,, water snake, 

Mrs. James Reeks, WasliLngton, D, C,. 4 snapping turtles, 

Mrs. Rekbein, Washington, D, C., weasel, 

N, M, Rhodes, Dispensary Bldg., U, S, Naval Academy, Annapolis, Md„ ocelot 
Dr, Waldo Schmitt, National Museum, Washington, D, C,* 2 James Island 
snakes. South Seymour Island snake, 

Mrs, Scott, Washington, D. G., alligator. 

Mrs, lAzne Shelhy, Washington, D, C„ 4 pine snakes. 

Mrs, Sherry, Washington, D, C„ 2 common rabbits, 

Robert Shore, Washington, D, C., red fox, 

Mr. and Mrs, Phillip Shorts, Lander, Wyo., Philippine monkey. 

Robert Shosteck, Washington, D, a, fence lizard, snapping turtle. 

C, L. Slbleyt Wallingford, Conn., 3 bantam chickens, 

Orville S, Simpson, Washington, D. C„ tovi paroquet 
B, Sisson, Washington, D. C., 2 Pekin ducks, 

Mrs. B, Sizemore, Mount Rainier, Md„ 2 Muscovy ducks, 

Donald Sklnker and William Wohlfarth, Washington, D, G„ 3 garter snakea 
Joy Eloiee Smith, Washington. D, C„ 2 Pekin ducks, 

B. Smith, Washington, D, C„ Pekin duck. 

Smithsonlan-nrestone Expedition to Liberia—see field work. 

Soldiers’ Home, Washington, D, 0,, red-shouldered hawk, 

W, H, Sterling, West Falls Church, Va„ black widow spider. 

Louis Stone, Washington, D, C., mole snake, 

Rex Sullivan, Hudson, N. 0„ smooth green snake. 

Miss L, C, Tait, Washington, D. C,, zebra finch. 

Clifton Taylor, Hyattsvllle, Md., snapping turtle, king or chain snake. 

Robert Tbulman, Chevy Chase, Md,, white king pigeon. 

Patricia and Terry Townsend, Washington, D. G., Pekin duck. 

Miss J. Tendrik, Washington, D. O,, Pekin duck. 

Tropical Fruit Shop, Washington, D, C., oposaum. 

Dr. W. Q. Trow, Watrenton, Ta., barred owl. 

U, S. Antarctic Service, Washington, D. C., 3 emperor penguins, 4 Gentoo 
penguins, 2 kelp gulls, giant fulmar. 

J. W. Urban, Arlington, Va., society finch, zebra finch. 

Albert Valeer, Washington, D, C., 3 common rabbits, 

Guillenno Taleazuela, Matagalpa, Nicaragua, Nicaraguan tltl monkey. 

Ernest P. Walker, National SSoological Park, Washington, D. 0„ 5 ornate 
turtles, bull snake, 

Washington National Airport, Dispensary Building, rlog-bUled gull 
Mrs. Way, Washington, D. C,, 3 alligators. 

Mrs. Lena White, Harpers Ferry, W. Ta., doable yellow-bead parrot 
Karl Welssman, Kew Gardens, Long Island, N. T,, brown capuchin. 

Mrs. Martin Welch, Seat Pleasant, Md., opossum. 

Jess Williams, Washington, D. C., barred owL 

Lanier Williams, Washington, D. C-, water snake, milk snake, 

Shirley Ann Williams, Washington, D. C., sparrow hawk. 

Miss Katherine A. Zehrfeld, Washington, D, C., alligator. 

BIRTHS 

There were YO mammals bom, 49 birds hatched, and 14 reptiles 
bom or hatched during the year. 
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name 

Amniotragu^ lervia- - 

Aotus trivirgains ---- 

aitis - 

Bison !»tSOA--- 

Bos indiens ^^—-- 

Canis dingo —--- 

Canis lupus nnhilus - 

Oanta rufus -- 

Cervus elaphns -- 

Choeropsis liberienHs - 

Cricetus m'icetus subsp__^ - 

Dama dama —-- -- 

Dendrolagus inuslus - 

mageUanica^^ - 

FelU oncu^ ___ 

Lmn<i pacos -—- 

Leonioce&us rosoBa —-- 

Macaca mulatta _-— 

Macaca nefivestrifw - 

IfpocMtslDr coypu —^- 

Oncifelis geoffrogi --- 

Pefaiirti^ firmceps—-- 

Procyott lotor^ __ 

Fu^pea fulva ---— 


MAMMAX^ 

Oammci'Ti name JVnmBef 

___Aoudad----—3 

DoaroucouH or owl nion^ey^—— 2 

_Asis deer,--- 2 

_* American bison— -——— 3 

__ Zebu —- -- 1 

__ Dlngo^^----—- 3 

__ FJains -—-- ^ 


_Texas red wolf_^ - -- - —— 9 

_ Enropenn red deer^,,—-- 1 

_Pigmy hippopotamus- 1 

_Oolden hamster--- ^ 

_ _ Fallow deer--— 4 

_Tree kangnroo__,--- 1 

_Patagonian cavy- 3 

_ Jnguar—,^-—- 2 

_Alpaca-- —^"— 1 

Lion-headed or golden marmoset— 2 

Rhesus monkey- 1 

__ Pig-tailed macaque-1 

_ Coypn or nutria- 3 

_ Geoffroy’s cat_^- ^ — -1 

_ _ __ Lesser flying phalanger„_,- 6 

_Black raccoon- 5 

. Bed fox-—--2 


sums 

Branta canadensis _ 

Quara all^aXG. ml>m —- 

Limnocora^ ^avirostra -— 

^ycticorax ngcHcorax naevius 
Pavo crisiatus -—--- 

Bi:pTiLEa 


Canada goose,-^- itJ 

„ Hybrid ibis—- 1 

African black rail- ^ 

Black-crowned night heron_^- 16 

-™. Blue peafowl-—-- ^ 


Crofoltta adawwmtewa- ___ Florida diamond-backed rattle- ^ 

snake —--- 


EXCHANGES 

There were not a great number of specimens received during the 
year through the medium of exchange. Ennio Arrigutti, Buenos 
Aires, Argentina, continued his shipments of desirable South Ameri¬ 
can animals. The New York Zoological Park sent a purple-crested 
plantain eater. A pair of gi^en Japanese pheasants was received 
from the Miami Rare Bird Farm, Miami, Fla. Several shipments 
of reptiles have again been received from C- W* Kern, Tujunga, Calif- 

PTTKOHA8E3 

The more important specimens acquired by purchase were a harpy 
eagle and a pair of South American bush dogs, three naked-throated 
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bell birdsj n pair of raecoon dogs^ a pair of Chinese badg^m and a 
pair of Peruvian viscadkas. AJ^ purchased during the year wcro 
a pair each of Ticutiafl and Uamaa. This completed our exhibit of 
all the American representatives of the came! feTnily. 

nssrovAi^ 

HEATHS 

A most serious loss during the year was the numbor of birds, 
mostly parrotH, ^hich died as the result of an cpid^ic of psittacosis 
in the bird house. A number of birde auspiastcd of having the dia- 
^ere put to death. The entire building vras dosed, on advice 
of the Departmeiit of Health, District uf Columbia, for alwut a 
months. The parrot room is dosed to the public. It is bolievcd 
that the situation is now well on the way to l>eing cleiimh Other 
losses included several chevrotaia, and an East African leopard^ the 
last of the lot received in 10S6 from the Smitlisouiau-ChryBler expedi¬ 
tion^ A brown hyena which had been in the iXillection since 
died during the year. As in the past-, all sped mens of scientific value 
that died during the year were ^nt to the Kationail Museum, 

SPECIEE NEW HO THE EISTORX OF 'JME COLLEOTION 
UAuiiAr.S 

. BIacIe doller. 

, Blnck-ftoeteU duiker. 

. AfrtCATt ground squLrreL 

- Dwflrf<rtTCt. 

_ FomvlAO vUcadiA- 
_ QiLAeae badger. 

, Al^lcoupaLED dveL 

- fUnl-bEickDd buzzard^ 

.. riirpl&-cnst«d plantain enter. 

. Flail-entlng vulture. 

. EelpguU. 

» Giant fulmar. 

- GEJ]t0a Fengnln. 

_ Weat African bftck-bluied 
tortoise. 


_ 

ttti^rifrarLM __ _ _ _ 

^u#enit ^nithropm —___ 

Qi^lcrctiu tnefa mtm —---- 

iwcfiHa-- — —-- 

vlaotMXiQ_ __*.—— 

mctct l^pl<rrh]finrhiit -^^ —- - —- 

Fantlfnfa Ctnotala_____ 

luaiKi 

Baieo poccilorhrauj_.__._-___ 

GflUtrez porfA ____ 

G]fP^htarax _ _ _ 

Lar«t domlni(Mti4 ___ 

MavrmccteM ffiffajiieta _ _ 

I^ffOKcliM papua^ ___ 

V^TUSX 

£liiff}rl m&ia_ _ _ _ __ 
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Btatement of aocesmona 


How acquire 

Mam¬ 

mals 

Birds 

Rep¬ 

tiles 

Amphib¬ 

ia 

Fishes 

Arach¬ 

nids 

Total 

PrPBfiTltl^ ____ 

SO 

TO 

IS 

13 

IS 

41 

207 

49 

40 

®7 

U 

31 

10 

m 

14 

39 

le 

10 

10 

a 

476 

133 

129 

13S 

03 

110 

10 

Bora or h&tched _ _____ 

excbanga _ _ _ 

34 

2 



Pitreb&Hed - _* ____ 

00 


Ofi 


Keoeived from BznlUUiCniill-Ffrwto^ 

VrTlTf^dltlOn T .fhorlft 

23 

16 



irfd frfiTn ^ niAmtin Kir|Mdlt!niii 



Total. _ 






33d 

42S 

357 

ei 

00 

S 

1,047 



Summary 

on hand July 1, l&IO-------2,550 

Accessions during the year--———-l,OiT 


Total animals in collection during year_-— ^ --5,5ff7 

Eemoval from collection bj death, exchange, and return of animals on 
deposit---1,217 


In collection June 30, 1941-- ——-—- 2,3S0 


Status of coUection 


Class 

Bpedes 

IndlTld- 

uats 

Class 

Spcdes 

Individ- 

nnlA 

M'&mmala *^-*^**>-.* 

221 

701 

Insects „.... 

1 

26 

Btrd^ 

327 

980 

MoUosks___ 

1 

0 

n^ptOA. 

124 

439 

Crustaceans____ 

1 

3 

Amphtbtonji___ 

23 

n 




Fishes __ 

30 

144 

Total..-. 

730 

2 3R0 

Araehn^ds __ 

2 

3 





A list of the animals in the collection follows: 

ANIMALS IN THE NATIONAL ZOOLOGICAL FABK, JUNE 30, 1941 

MATiflfALR 


MAKSITFXALIA 

Iddelphidae; 

Didelphis viryiniana _Opossum--- 

Dasyuridae: 

SarcophiJus ursinus _-— Tasmanian devil--— 

Phal anger Idae; 

Pe^at^n^* __* Lesser flying phalanger- 

vulpecula --Vulpine opossum--- 

Macropodldae: 

Dendroloffus inustus -Tree kangaroo--- 

Dendrolagus iaiMftw ftmehi—^ _Finsches tree kangaroo-— 

Dendrolaffu^ ursinus X ^ Hybrid tree kangaroo-^- 

Phascolomyidae: 

Voffi&atula ur#irta_—_Flinders Island wombat_ 


4 

1 

9 

1 

3 

3 

1 

2 
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VespertllJoniiiae: 
Eptesicus funcus. 


CHIBOPTESA 

_ _ Large brown bat. 


1 


CAErrrroaA 


Felidae: 

Adnony^ luhatun _ _ Cbeeta____^— ---— 

FclU cAaiia ______ Jangle cat———- - 

concolcr puma _Patagonian puma- —— 


Felis leo ___ _—_ Lion ------ 

„ (Jaguar-— - 

[Black jaguar— ---- 

Felis pardalin __ _ __ Ocelot----— 


Felis pardm _-___ -—--- 

^ \Black Indian leopard-^,— 

Felis Hyrina -----— Margay—— ---— - 

Felis tiffris -- Bengal tiger__-- - 

Felis tigrU Imgipilis-^ -—^- Siberian tiger-—— - 

Felis tigrU sonduU^s ___ Sumatran tiger-- 

Lyn^ff bailepi _ ______ Bailey's lynx - -- 

Lyn^ rufus _—- Bay lynx-—- - 

Lpnsn uinia _ Bobcat -—^—- 

Neofelis nebulosa ___ Clouded leopard — — - - 

Oncifelis geoffroyi— ___Geoffroy’e cat- -- 

Profelis _ Golden cat— -- --- 

VlTerridae: 

Arctictis binturong --- Binturong----- 

Citwitfcfis dvetta ---——* Civet-—--- 

GoIercBa melanura _ Dwarf civet _ _ 

Moschoihera megaspila _ Burmese clvet___ _ __ 

NofWitnia btnoiofa^ ___ _ __ _African palm civet _ —_— 

Farado^turus henmphrodytun - Small-tootbed palm civet ____ 

Hyaenidae: 

Crocuta orocuta germinans— - East African spotted byena_ 


Canldae: 

Canis latrans _ _ _____ Coyote —____ 

€(mis latrans X domesUca ___ Coyote and dog bybiid™^_ 

Cmis lupus lycam ___ Timber wolf-^_ _ _ 

Canis lupws --- Wolf_____ 

CanU rufus. - ---- Texas red wolf*.__ _ _ 

Chrysocyon /tt6a/a ___ _ ___ _Maned wolf_ 

€uon favanicm sumatrcjisis __ Sumatran wild dog___ 

Dusicyon gp - South American fox_^_^___ 

Dusicyon sp - South American fox^ _ ___ 

Urooyon dnereoargenteus^^ __ Gray fox______ 

Vulpes fulva — ---— Red fox_ _ _____ 

Procyonldae: 

Nasua tutrica^ _____ Coatimundl_ 

Fotos fiavus ____ _ _ Klnkajotu—___ 


Raccoon___ 

Frocyon loior. —--- Raccoon (albino)_ _ _ 

Black raccoon___ 

Bassariscldae: 


Bass<u^cus astutus —— -- Ring-tail or cacomlsUe. 


2 

1 

1 

5 

4 
2 
8 

5 
2 
1 
2 
1 
4 
1 
8 
1 
1 
4 
8 

1 

2 

1 

1 

1 

1 

1 

7 

2 

2 

4 
7 
1 
1 
1 

5 

6 
02 

4 

5 
7 
1 
a 

9 
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Mmatetidae: 

Arct<myx coUaris _Hog badger- — — -- 

AtUax pluto^ _____- Water ciret——-- 

Charronia /taviyula henricii —- -- Asiatic marten——--_ — 

Qalictis Dorbam barbara^^ _ _ _White tayra-—— - 

Galictig sp______ Brown tayra,-- 

Grism allamandi _ — — ^—- Huron --- - 

OriiomUa hur€max^^ -- Grison-- -- 

Gulo lugcus __ _ Wolverine^.- — — 

Lutra Ciinaden^is vaga- _Florida otter^^—- — 

Meles meles _ _ _European badger__ __ __ 

MeUivora capemU -- -—-- Ratel--- - 

nigra __—- - Skunk--—-— --- 

Micraonyx lepionyx _ _ _ _ _SmaU^clawed otter__^_ __— 

Mustela ever^manni ___ Ferret— - - 

Mustel^ noveboracenw^ ____— Weasel__ __ 

vison ___ Mink--—-- 

Ursldae: 

Euarct{m americ<inus __ American black bear__ 

Euarctos emTnonsU^- _Glacier bear__ ____ 

Helarttoi malayanm^ _ _ __Malay or sun bear - -- 

Thalarctos maritimus ___Polar bear-- 

Thalaretos mariHjnm X Ursus middenr 

dort^ ____ _ _ Hybrid bear__^____ 

UrsuB arctoa ----- - — European brown bear^^_^^—- 

Ursus gyoB^-^^ ______ _ Alaska Peninsula bear_— 

Urstis mi4dmdor^!i _ __ Kodiak brown bear_ 

Ursus sitkensis _ _ ___ Sitka brown bear.^_,_ _ ___ 

Ursus thihetanuA.,,,^,. ,, , , , _Himalayan bear^^„_* 

PINNIPEDIA 

Otarlidae; 

Zalophus califomiastus _ California sea llon_ __ 

Phoeldae: 

Fhoca richardii _ h Pacific harbor seal—. __ 

raiMA-rea 

Lemnildae; 

NycticeJms coucung __—--Slow loria^- - -- 

Perodicficns potto __ _ Potto __——- 

CaUltrichldae: 

Calliihrix ^aeohus - - --Oommon marmoset-- 

Lemtocebus rosalia ___ _Lion-headed or golden marmoset_ 

Mico argentata, __ Black-tailed marmoset-.___ 

Oedipomidas oedipus - Pinche tamarin--- 

SaJmlrldae: 

Soimiri sp-__ _ __Nicaraguan tiU monkey___ 

Cebldae: 

Aotii^ trf-pfrpofu*___Douroucoull or owl monkey_ 

Cebus apeUa- _ _ ___ ____ Brown capuchin______ 

Cebus capucinus _ __ White-throated capuchin^___ 

Uebus fatueUus _ _ _Weeping capuchin_ 

Ca&iw sp_____Gray capuchin-—_ 

Fithecia monueha __Said moukey-^_____ 
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Cercoplthecidae: 

CercoC€btt$ fuliginoms __ Sooty mangab^--- 

CercopithecM aethiop 9 aeihiop^ Grivet monkey— 

Cercopithecua aeihiopa aahtieua^ —— Green guenon---- 

Cercopithecua dianu _Diana monkey——.— -- 

Cercopitheoua neglectua _Be Brazza'a guenou—^- 

Cercopithecua petaurista _Lesser wklte-nosed guenon-- 

Cercopilftecua roloicey -Eoloway monkey--- 

ErpthroceJms ---Pataa monkey- 

Maccca fuacota _____Japanese monkey______ 

Afococa laeiotis ____Chinese macaque__ 

Macuca morda^ _Javan monkey______ 

Macaco mulatta — ____ Rhesus monkey_____ 

Macaco nemeatrina^. ___Pig-tailed macaque^___ 

Macaco aUcnua ____Wanderoo monkey_ 

Macaca ainica _ _ __ _ Toque or bonnet monkey^__ 

Magna maums ____ Moor monkey_____ 

MandriJlaa leucopknoya___BrilU____ 

MandrilluB apMn^^-^ ____Mandrill________ 

Pcpio comatua _Chacma_____ 

Pupfo papio ---West African baboon__ _ _ 

Papio sp--- - -West African baboon-___ 

Preabptia aenciP nestor _ _ __ _ Westem purple-faced monkey__ 

Hylobatidae: 

Hglohatea agilia ___ __ Sumatran gibbon , ___ 

Hplobaiea lor pi^eo^aa__ _ Black-capped gibbon____ 

Symphalangua agndactylua _ Slamang gibbon_ 

Pongldae: 

Pon aatyrua ------ Chimpanzee______ 

Pm aatgrua verua _______Western chimpanzee____ 

Pofipo ohclii—— --- - , , Sumatran orangutan _ 

Pongo pggmaeua ---Bornean orangntan___^_^^,__ 

EODENTIA 

Scturidae: 

Ammoapermophilua lencuruS-^^ _Antelope sqntrrel__^_ 

Citellm moUia ——---— Soft-haired ground squirrels__ 

Cgnomga ludovicianus __ I^ralrle dog_____ 

Giaucomya volcm _ ____Flying squirrel____ 

Marmota mmam - - -- Woodchuck or ground hog___ 

^nlayaoni — --— Lesser white squirrel__ 

Sciurtte niger --Southern fox squirrel— _ 

Tamiaa atriattta^ ____ _ Eastern chipmunk—__ 

TaMiaaciuma Jiudaonicus^ _ _ _squirreL-____ 

Heteromyldae: 

Dipodomya dcaerti^^ ---Desert kangaroo rat _____ 

Dipodomya merriami -Merrfam kangaroo rat___ 

Jacnlidae: 

Jooulut jaculua^^ ---- Egyptian Jerboa--__ 

Oastorldae: 

Caator canadenaU _ Beaver__ 
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Crlcetldae: 

Cricetua cricetus subsp__Golden hamsters- 23 

Cricetompa pamlHanua _Gambia pouched rat- 6 

Neotoma ^oridana attwateri— _Round-tailed wood rat_ X 

Ondatra zibethica ____- Black muskrat-- 1 

Feromj/scii* califomicua _Long-tailed mouse- 1 

Perompscus leucopus _Whltfr-footed mouse_ 6 

Perompacua leacopua nt^veboracenaia— Northem wMte-footed mouse^^_ 2 

Perompacua maniculatua _White-footed mouse--- 2 

Perompacua maniculatua aapoodi __ Elaek-eared deer mouse__— 1 

Perampaoua polUmotua polionoiua _Old-deld mouse- - 1 

Mmldae: 

Mattua norvegicua (albino)__ White rat--- 2 

Hystrfcidae: 

Acanthion bra^hpumm ____Malay porcupine_ & 

Atherurua africana._^^^ ___West African brush-tailed porcu- 

Spairix gaJeata ____East African porcupine__ 2 

Tfiecurus aumatrae __ Brush-tailed porcupine__ 1 

Erethizoutidae: 

Ooendou prthenaUia _PrehensUe-talled iiorcupliie___ 2 

ErUhizan doraatum __Eastern porcupine—_ 1 

Erithison epixanthum __Western porcupine^_ 1 

Myocastoridae: 

Myocaator coppu ____—_ Nutria^_____19 

Oapromyldae: 

Caprampa pitoridea _Hutla—__ 1 

CuBlcundae: 

CunieiUua paca iHrgatua^ _Central American paca—__ 1 

Dasyproctidae: 

I><wyprocta croconota prpmnolopha _Agouti_ 2 

Ghinchillidae: 

Lagidium vtscaccia -Peruvian viscacha_ 2 

Cavlidae: 

Cavia porcellua ----Domestic guinea pig___ 25 

Oat?in porccBa#---Domestic guinea pig (angora 

breed) __ 3 

DoZt^Aoits magellanica __Patagonian cavy_^_ 5 

Pediolagua aalimcolo- __ Dwarf cavy___ 1 

naoouoBFHA 

Leporidae: 

Orpctolagua cunicuJvs _Domestie rabbit_—__ 7 

ARTTOnACTTlA 

_Aondad_ 19 

-Anoa-—__ 2 

___ Gaur —^_ 3 

( American bison___ 19 

Albino bison___ 1 

__Zebu*...-_ 4 

—— Indian bulfaio___ 1 


Bovidae: 

Ammatragua lervia _ 

Anoa depreaaicomia^- -— 

Bibos gauriis ______ 

Bison biam- ___ 

Boa indious ______ 

BiibaJiM _ 
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Bo vidae — Con tinned, 

Cephalophu% niger ---Dulker_^- - --— 

C€phalophu 9 nigrifroni ___Black-fronted duiker- 

Cormooltmtei gnu ___ _- White*tailed gnii__^—- - - 

Hemitragua jemlahicus - Tahr-— - ---— 

Oryx dei^a onnecten^- - -— Ibeau beisa oryx- — -- - 

Ovis europaeus^ _—-- - Mouflon--- - 

Foephagus grunniens _Yak - 

Pseadofa nahura _ __ _ Bharal or blue sheep---— 

iSij^nceros caifer ___African buiraIo_H-«—-- 

Tauroiragu^ oryx^^^ ---* Eland^^^ — —----- 

Cervidae: 

Axis axis— _*_ _ ___ _ Axis deer-^_ _ _ 


Cervtis canadensis _ _Wapiti- - - 

CervUB duvaucelii. ____Barastngha deer_- ----- 

(7en?utf elapku^_ _ ___European red deer__ _ _ 

„ ^ f Brown fallow deer— _ _ __ 

Dama dama- __ _ _ J „ , 

[ White fallow deer_ _ 

MufUiacus muntfaJc _ _ — - - --Rib-faced or barking deer --- 

Afitntfacwj sinensis __ Chinese rib-faced deer.—^__ 

Odocoileus costarieensis-^ ___ Costa Rican deer _ 

OdocoUeus virginianus _ ____ Virginia deer __ 

Bika nippon^-^ ______ Japanese deer--- 

TragulJdae: 

Tragulus javanicns ___ Ja^an mouse deer ____ 

Giraffidae i 

Qiraffa Camelopardalis _ Nubian giraffe ___ 

Oiraffa reticulata __ Reticulated giraffe-- -______ 

Camelldae; 

Camelus bactrianus- ___Bactrian camel __ _ 

Lama glama— _ _ ___ _ Llama__ _ ___ 

Lama hmnacus ___ Guanaco -^ _ ___ 


Lama paces_ ___ _ __Alpaca^,_. __ _ _ 

VioM^rttt vicug7ia _Vicuna____ ___ 

Tayassuldae: 

Peoari angulains^^^ - Collared peccary-,-___ 

Tayassu pccon_White-lipped peccary_____ 

Suldae: 

clfurus. ___ Babirussa___ 

Fhaccchoerus aethiopicus massaicus.. East African wart hog,^____ 

Stts scrofa __ _— European wild boar_ 

Hippopotamldae: 


Choeropsis liberiensis -Pigmy hippopotamus_ 

Eippopoiamus amphihius _Hippopotamus_ 
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Equidaei 

Eqttus grevyi _ 

Equus grevyi-asinus _ 

Eguus grevyUcabaUus _ 

Egtttis kiang _ 

Equus przetcalskii _ 

Equus quagga chapmanL-. 
Equus zebra _ 


FEEIS SOD ACTTTA 

_Grevy^s zebra_ 

_Zebra-ass hybrid_-_ ___ 

_ Zebra-horse hybrid_ 

- Asiatic wild ass or kiang __ 

-Mongolian wild horse^_ _ 

- Chapman's zebra__ 

- Mountain zebra. 
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Taplridae; 

Acrocodia indica-. ____-t_ 

TapireUa bairdii -- 

Tapirus terrestris --- 

Ithlnocerotldae: 

Dlceros bicomis— _ 

Rhinoceros unieortiis —— 


Asiatic tapir___—-- 2 

Central American 1 

South American tapir- 2 

Black rhinoceros^---- 1 

Great Indian one-horned rhinooeros- 1 


Elephantidae: 

Elephas sumatranus _ 

Loxodonia africana osyotis. 


PBOBOSCmeLA 

_Sumatran elephant 

African elephant-,^ 


1 

1 


EDENTATA 

Choloepodidae: 

Choloepus didactylus _Two-toed aloth^.-__ 1 

Dasypodidae: 

Chaetophractus vUlosus _Hairy armadillo- 1 

Dasypus novetnoinctus _Nine-banded armadillo^- 1 


Stmthlonldae: 
Struthio camelus^ 


BIRDa 

STaUrmONIFORMES 
__South African ostrlcli__. 


1 


Rheidae: 

Rhea americana^ _ 


EHEXFOiEMEd 



Common rhea or nandu__ 

White rhea^—____ 


CASUABIIFOEMia 


Casuariidae: 

Casmrius bemetti ___Bennett’s cassowary^.__— 

Casuarius sp_______ cassowary__ 

Ca^sttarfaa ujiappendiculatus -Single-wattled cassowary- 

Dromiceildae: 

ilroimoefwa novaeJioUandiae _ Common emu__*____ 


SPHENISCIFDRMES 


Spheniscldae: 

Aptefiodytes forsteri _Emperor penguin- 

Fygoscelis papua _Gen too penguin,_ 

Sphenisous demersue _Jackass penguin. ___ 

TINAMIFOKMES 

Tinamidae: 

Catopeziis elegans _Crested tinamou-*- 

Noihura nKWulosa ——«— Spotted tinamou--—^ 


3 

3 


1 

1 
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3 

a 
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2 

1 


FELECANIFORMES 


Pelecanidae: 

PeJecanus califortiicus _ 

Pelecanus conspicUlaius _ 

Pelecanus erythrorhynchos. 


California brown pelican_ 

Australian pelican__ 

American white pelican.— 
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Pelecanidae—Continued. 

F^emnus erythrorhynchoiXP^ ocoi- American white and brown pelican 

dentalis _ (hybrid)—__ _ __ 1 

Pelecanus Brown pelican___ 2 

Felecanm onocfvtalus^ -European i>elican_ 2 

Peleoaaius roseu^ ---Rose<olored pelican_ 2 

SuUdae: 

Morm hassanm ___Gannet__ 1 

Fhalacrocracldae: 

PhaUwroc^Mras auritus alhodliatm _Farallon cormorant^_ _ _ 1 

Pftolaorocoro^ auHfu# ^ridanua _Fiorida cormorant.*._—_ 1 

Anhingldae: 

Anhinffa anhinga _Anhluga_ 1 

Fregatldae: 

Fregaia oriel - --Lesser frigate bird*,__ 2 


cicomimMi:a 


Ardeldae: 

Ardea Tierodiaa __ 

Ardea occidentalia. __ 

Aotoghoyw novaehoUandiae _ 

Nyotioorax nycficortM? _ 

CTochleariidae: 

CodUecrius oochlearius^^ _ 

Clconlldae: 

Diasouro episcopus _ 

Ephippiorhynchus tenegaiensis _ 

Ibia o*na"eiw^__ 

Leptoptilua crumeniferua _ 

L^toptiloa dujfiua _ 

Leptoptilua javanicua _ 

Mycteria americano_____ 

Threskiomlthidae: 

Ajaia ajaja ___ 

Ouara alba ___ 

Ouara albaxO-, rvAra __ 

Qnaro rubra^^ _*__ 

Threskiomia ojethiopica _ 

Threakiomia melanocephala^-. __ 

Threakiomia apinicoUis-^^^ __ 

Phoenlcopteridae: 

Phoenicopterua chUensia _ 


Great blue heron_____ 

Great white heron^---- 

White-faced heron_ 

Black-crowned night heron__ 

Boatblll heron____ 

Woolly-necked stork.*^___ 

Saddle-biUed stork_ 

Malay stork_______ 

Marabou__*_ 

Indian adjutant_ 

Lesser adjutant____ 

Wood Ibis___*_ 

Roseate gpoonbiU**.__ 

White ibis____ 

Hybrid ibis (scarlet and white)._ 

Scarlet Ibis.._ 

Sacred lbis_.____ 

Black-headed Ibls^_ 

Straw-necked Ibis.__ 


Chilean flamingo. 


1 

1 

1 
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2 


Procellaridae: 

Maoronectea giganteua^^ 


PBOCSlXASllFOEltBS 
-Giant fulmar. 


Anhimidae: 

OTtauna crista ta. 
Anatldoe: 

Aiw ipQnaa __ 


AI7SEBirQaM£S 


-Crested screamer. 


1 


9 


Wood duck*. 


9 
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Anatldae—Continued, 

AJopochen aegyptiacua -Bfeyptian goose- 

_ —. — Brazilian teoJ---—— 

J.nM domestica^-^ ----Pekin duck----- 

Anaa platyrhynchoB _ — --Mallard duck---— 

Ajiaa ruhHpes ____Black or dusty nmllard-- 

Anser alUfrons ___American wMte-fronted goose^^- 

Anser cinereuB domeatim— -- Toulouse gooaa^-——-- 

Anaerinm ^emijKiInia(a—.— -Australian pled goose-- 

Branta bemicla ___Brant— ---- 

Branfo eanadmsis __Canada goose---—- 

Branta canadensia min^na^^ -Cackling goose-,^—-—- 

Bmnta canadensis ocddmtalis^^ -White-clieeked goose-- 

CaiHna moschata -—---Muscovy duck_^---— 

Ceworco^ variegata^-. _____ Paradise duck--- 

Cereopsis novaehoUandiae _Cereopsls or Cape Barren goose—- 

Chen atlantica —- —Snow goose——---— 

Chen caerulescem^^^ -— Blue goose---— 

Chenopis atrata _Black swan----- 

Chleephaga leuoapiera -Magellan goose- 

Chloephaga poliocephala _Ashy-keaded upland goose— 

Coaooroba coscorobo— __— Coscoroba^,—-—- 

Cggnopais cygnoidea _Chinese goose ___—-—- 

Cygnus columbianus _Whistling swan_ 

Vygnm melancoriphus -Blad£-ne<±ed swan,____ 

Cygntts olor ___—___ Mute swan______ 

DafUa acuta -—_Pintail_ 

Dapia spinioauda _Chilean inn tail_______ 

Dendrocygna arborea - Black-btUed tree duclt___ 

Dendrocygna autummlia ____ Black-bellied tree duck . _ __ 

Dendrocygna viduata _White-faced tree duck___ 

Mareea americana ___Ealdpate_____ 

AfaHla _____Lesser scaup______ 

ifortfa collaria ---Ring-necked duck_ 

Nettion curdlinenae-, _ _ _ _ __ Green-winged teal___._ 

Nyroca sp-Hybrid duck_— 

Nyroca VijUisineria ---- Canvasback duck—___ 

Plectropterua gambenaia ___Spar-winged goose-_____ 

Querguedula diacors _Blue-winged teal_— 

FAI^CONTFOaMEa 

Cathartldae; 

Aegypius monachua _Cinereous vulture—-- - —.— 

Cathartes aura _____ _ Turkey vulture-- 

Cathartea auraxCoragyps _Black vulture and turkey vulture 

hybrid___ 

Coropvps atratua __Black vulture-^----- 

Gym^iogypa ealifomlaaius _ _ _California condor_ 

Gi/fK)Aioraar angolenaia _Fish-eating vulture--- 

Gy pa rueppeUi ____ Ruppeirs vulture___ 

Eaupifalco mmogrammicua - - Northern lizard-buzzard____ 

Sojrcoramphua papa _King vulture- 

Torgoa tracheiiotua __African eared vulture-*____ 

Vultur gryphua __South American condor_ 
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Sagittariidae: 

Saffittarius ierpentarius _Secretary bird- 

Accipitrldae: 

Accipiter tachira macroscelides— _West African gosbawk^-- 

Buieo borealis ___ Red-tailed bawk---- 

Biifeo ___Ked-Bbouldered bawk-*---— 

Buteo melanolmcm --South Amerteau buzzard eagle__- 

Buteo poecilochrous__ ___Bed-backed buzzard-^-.- 

Buteo swaimoni ___ Swaliisoij*s hawk__—— 

tewaooepAai«a__Bald eagle^--- 

Halias tur indus^. ___Brahmin y kite— ___ 

JTarpia harpya -Harpy eagle_____ 

Hypomorphnus vruhitinga _—-Braziliao eagle.^___—_ 

Milvago chimango— ____Cbimango___ _ ____ 

MUvus migram parasitui ____Yellow-billed kite____ 

PandUm haliaetm carolinenms- __ Osprey or Jflsb hawk—__ 

Farabuteo unidnctus _One^bauded hawk_____ 

S#ep/MMioflct«^ coronaius _Crowned hawk-eagle—____ 

f7roact«4 audax ___Wedge-tailed eagle^____ 

Falcon! dae: 

Oerchneis sparverius ___ Sparrow hawk___ 

UercAfiew tparreriwa Chilean sparrow hawk,._ _ ____ 

Daptrius americanus _Carancbo_ 

Bolp&onw cheritoay^ ___ _ Audubon's caracara___ 

Poly&ortw plancus -South American caracara^_ 

OAXJIEFOIUIKS 

Cracldae: 

Craw fascioJata^ _____ _ Crested curassow____ 

Craw rubra —_____ Panama curassow^- ___ 

Craw sclateri — --——Sclater’s curassow__ 

Mitu mitu ______ Razor-billed curassow—______ 

Penelope sp_Quan____ _ _ 

PbaManidae: 

Aleatoris graeea - Cbnkar partridge^____ 

Argusianus argus _ Argus pheasant^^__ 

Ohrysolophits amherstiae _ __ Lady Amherst’s pbeasatit____ 

Chrysolophits pictus _Golden pheasant*-,_____ 

Coltnti# virginianus ___Bobwhite_„___ 

Cotumiw cotumiw- __Migratory quail-—^_ 

Excalfactoria oMnensis —-Bine-breasted button quail_*_ 

OaUus gallm. ---Jungle fowl____ 

Oulfaa lafayetti -- - Ceylonese jungle fowl_ 

Oaiitta sp_-- —™Bantam fowi^_*_ _ _ 

Galliit sp_-- -- Araucanian fowl-___ 

Oallm Bp.X^amida gaJeata -Chicken and guinea fowl hybrid— 

Gennaeus lineaius^ --- Lineated pheasaut-^__ 

Oennaeus nyothemerus -SUver pheasant_____ 

Bierophasis swinhoii -Swinhoe’s pheasant.*^_II”~ 

Lophophorus impeyanus^ -- Himalayan Impeyan pheasant—_ 

Lophortyx califomica vallieola _Talley quail_ 

Lophura rubra -----Malayan flre-back pheasant— 

Pavo aristatm -—--Peafowl__ 
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Phafilanldae—Continued, 

PavQ muticva _Green peafowl- 

f Ring-necked pheasant—-- 

Pftaslnnit* tor^uatus^ -—^—|White ring-necked pheasant—^—— 

Pha^ianus torguatus fomiOBanus—^. Formosan ring-necked pheasant— 

Pftaslaniis torquatus (var,)^_Melanlstic mutant rtng-necked 

pheasant-—- 

Phasianm versicolor --Green Japanese pheasant—--— 

Polvpiectron napoleonis _Palawan peacock pheasant-- 

SuTTnaticus reevesi _ReeTes' pheasant*.^--— 

Nomididae: 

AcryUium vulturinum _Vidtnxine guinea fowl--— 

Nttmida sp____—-- Guinea fowl——------ 

QBTTIFOBMES 

Gmidae: 

Anthropoides pisradisea _Paradise crane----— 

Anihropoidea virgo _—__Demoiselle crane__—-—-— 

Balearica paroniTia ___West African crowned crane—- 

Bdieurica regulorum gibbericeps -East African crowned crane—- 

Fulica amerioafia. __American coot—---- 

Qms cancdenala canadensis ___Little brown crane.,.--- 

Grus leucauchen^ _____Whlte-naped crane—--- 

Qrua leucogeranvs——^^ ___ Siberian crane—--—- 

RalUdae: 

Gollmtda chloropm oachinnans^^. _Florida gallinnle—--- 

Qallinuia chloropus orimtalU _Sumatran galltntile— --— 

Liwinoooro^ fiaviroatra^ ____ African black raU,___ 

Porphgrio poltocepholiw-Gray-Leaded porphyrio-- 

Enrypygidae: 

Burypyga helias^^ --Sun bittern--—— 

Carlamldae: 

Variama cristata _____Cariama or seriama__— 

CHARADEUIOBICES 

Haematopodldae: 

Haefnatopua osiralegus --- European oyster catcher—— 

Charadriidae: 

Belonopterus chUensis.^ -Chilean lapwing—^—-- 

Scolopacidae: 

philomachus pugnax. ----—_ Buff—---— --— 

Larldae: 

Larua argentatus^ ---Herring gull—---—-- 

Lurus delawaretuis-^^ -- Ring-billed gull-- 

Lams dominicanus __ Kelp gull--- 

Lams glattcescens _____Glaucous-winged gull--- 

Lam a novaehoUmdiae ____Silver gull-- 

(X>nUMBIP0BHE8 

Columbldae: 

Columbia guinea^ _Triangular-spotted pigeon^^—— 

Columbo liPia (domestic)——-- Archangel pIgeon__^--- 

ColumbaUvia (domestic)-- Fan-tailed pigeon..--- 

Coltanba maculosa _Spot-winged pigeon--- 

43057T—42-8 
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Co1nmbld&£!i — Cdj^tkLtied. 

_ _ Wood plffemi ----- 

Duoii/a affwd ... -__ dittfD Imperial pigeon __ 

__Bdaier'js crowned plgieocu-„ 

(lo^ta miofia.__ _ _Vlctiiris cnmooS 

Lojnprofrcrcm /ombif-,_ _ Pluk'bended fruit x^tgeue 

ifCpCoffia rETfoTilfa_Sealed pigeon_ 

Jf yicdifivorei povlfna_____Ooloblnn Lmpeiiil pigeon^ 


Sirepiftprlia eACn«n<ti^ 


AsLrUc cflllariN) dn^o__ 

Lncf-np^td or ash dovo__.._ 


firrepfoiM^ia cTtfaeiuft oe|/faneiu£i 

fifropfopeZHa aeml^orgiioJa ___ African red-cyed dare 

Tureftr -- _ TurtlCfdoTC _ _ 

rpnipanfAlHjS ttfmpanUtrla TVuiiboQrliiB plgwn 

aurioiilam-^^^- _ 


^ataidiifa macroum _ 


— South AmerEcin zuuomlag ilcrve-- 
Mourniijg dore^„ 


1 

1 

1 

1 

1 

1 
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FAITTACmmUXa 


Palttaddae: 

JpapontLi puZI^jriu _ 

Aro. 43twauRa. __ 

Ara 

Ara. nutsao -- 


Ara mnnilata- 


Ara UfiliEurid, 
Ara Mtrvera^ _- 


Aratinffa euopj- 


OaJpp^ar/tpHcAu/t luaxfftY/toua^ 
Coracapiii ntffra __ 


Bed faced iovthiird_ 

XcUow ftfid blue macaw__ 

Bed and blue macaw_— 

iiedp blue, and jgUqw maciiw-^^^ 
nilger'E maeaw^ 

Ale^can graen macaw- 
Enorore in&caw__._^._ 

Cuban goiitir*- 
Bankslaa cockatoo^- 
Leswr vaan parrots 


i^niHfcrJla Ifftpopglfia^ii _ , 

Q|N4ta mmJLW- 

Bud loty- 

^IC^CctUB parmfc _ _ . 

FnlopAtu ivu4t£asf>{ltuit 

HotSeate _ - _ 

FivWtfutd Mti^ctttorw __, 

PeiS^ pm’oqofit_ _ - 

KakaiOA altkL 

Whllii fwImlM. . _ 

KaktiSoo ____ 

ITo^-dfac toadbtffttrH- - 

Large Kulidinr<reftted 

Lcudbeater'je cwIcAtaO' . 

Eakuloc motw^mwU __ _ 

Great rKt-crc^stcd co^aioo__ 

Jtin^afou rglpAarUa- _ _ .. 

Kolcifoa _ ■ - ■ _ 

Lesner acilphiir'crestcd ccekntiw _ 

Elrnder-bltled ccpdmtyo____ 

XiOrfiLi tfouiiorRg __ 

Rolnh Inrv 

IfOrfiu pomiZiu_ __ 

Tjory_ 

JfelopiTitrcioaa Kititazotuji ____ 

Oraea pamkuet___ 

J/ZnnoplOA4U4 OfetTjflil«^_^__ 

Great black eockaZ^oo _ 

ITxrojitil'la fttonarAW-^ ^ ^ 

CuakUr naraanet _ 

Fffndai^uir H<tfuld^ ___ _ _ 

NandaT mrontiAl- _ 

A'aftor nf^iahilU 

Kmi 

yymphic<^t^ AolZatfcdicuf_ _ _ 

CockJiHel_ 


^unthi>inera ____ Aiuoaunlan catquc^ _— _ 

PHttacuUi cuptttria -Rcd-nhonldcrcd pafuqnet,,-^- 

i'ji^lfanrl^ Icramerf _ _ _ _^riLiatr'fi panvpiBi^-_ _ 

PMUiumJa Imfficavda -Lou^ lailcd paragmu 

Pef^^rtcu* CTTfAaci(a_ -- ---- -^ African gray parrckC___ 

Tani/ifnathu$ muclleri —. . Muellar parrot.-_ 

minoprafliRiuj_Green-naped lory____ 
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KEPOBT oy TH£ SfiCBE^AI^T lOl 

CUCUJMliJBMm 

CisciUldact 

Cciifrtijnu _ __ _ _Simatmn cdqeal — - - - 1 

MlotioteuA ---KimjI --—■ ■ - ■ ■ ^ 


QatUrc^ _PiuTiiMresltjd plontiitQ ?<iLter_^—^ 1 

_Aia&rJiaiii IsBTQ awl —— 2 

__GrcBt boracd awl^^———— ^ 31 

_lilaluy 0^1] owl -1 

__ Sereecb <fwI----- -- 2 

„ r- -. HaiTH! flwL--- 6 

iiLFEiMyuimiiyja 

Podorfiflrtae: 

Fi>dArQiu $triffO(de$ __ _ *_ TRwny froKmuuUi-.^- - - - 1 

vauAcrnomm 

AicedlDldna : 

■0awfo _ _ ■ Kovk^ bQfX fl - - - -^— 

fufat/an Kad-backied kLagfl^lici:^- ^ 

EufctfOn mttaru# _ - — - SBcmd kkicHohcr.,—_ — 

MamoUilue: 

^[QmOiUM f^oHi —-—-—- - - - — Miotniot--—_____- 

ISucerotidEia: 

rhiwMmiM _ Rhinwrca hamlilU.- 

UuconniM _ _ Abywttnldo ffrwintf bornliWI 

Ccratnffynina clQta __ _ _— YdlOW'CflSQoed hnrivbtll^_ 

l}ictiQOiTQ^ ftfcomfi_Ooncuira ca3Qi>& baniMIU^. 

mCTI^UKft 

RamphuEtldaB : 

JZ^fli/iAajTfaf odrifiufiLi__ ___ BiUpbUT'bTvmi^tc^ tottcan - 

J^ojnjaAa^faj __ Toco taucoiu, --- — -- 


TP A U^iTOITlI MLliTM 

Ckitlnglilai! : 

rnsmiffi -- - Eioked^UiKMlted tieU bW- - 1 

Rupiiiola rupicUo^ -- Cotfc 0« tbs rcH^____- 1 

Corvidae I 

Calocitfa formon - --- Marican tnaffpie Jay—- — ^ 1 

CUmi chitum*iM. - -- - -CUIndso - 2 

Cqtvus albiM-_—_WliltP-btttLBtcd 2 

Cotwi tind<AtfrAyiiaA<w___^ _ Amarkoa crow^ ---— - 2 

Conms ocfffd^ - -- - -Buyded craw___— - 2 

Cornw wonafJo*- Auatmllaa craw, . ^ - 1 

CarvuM cnfPtolCucut - — WbllMwkpd roYW -________ 4 

Comii inxolertM- - -- - ladlAn » 

C|/aftoolfla orii^Hfo _ __ Blaa j!!Ly_.^ —- - _ -- — _ 2 

(7ai(iaafM>rM - —Urraca Jay- --- 2 

CVanwrnr# oyfiMopf^pan^ -Wliito^uuped Joy— - 1 

C^aacworiJi --— - ITaEistacliBd Joy- - - 1 



TylauJdae: 

Btrleidae: 

^m-Do tJJr'ffirttottifi-- 

Kctitpo k^ttipu ___ 

Oim (MW— - 

Gtrit TfoHa wria^ - 


ta ca 
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Corvidae—Contliwied* 

Gvmnorhifia hypoJeuca _WLite-backed piping crow*^- 


Pirn —-- - 

Pica pica hudsonia -- 

Urooissa occipitalis -- - ^ 

Faradiseidae: 

Ail^oedm orofairo^tris- --- 

Epimachus fasiuosus - 

Ptilonorhynchus violaceui _ 

ScZe«oidc3 niger --—- - 

Uranomii rubra. __ _ 

PycnoDotidae: 

Oiooojtipea jocosus ^—-- - 

Pycnonotua analia _ 

Pycnonotua hindentatua - 

Rubigu^a dispar - - -- - 

Trachycomus zeylonicus __ 

Turdidae: 

Mesia argentauris __—— 

Jjfiwiocieftlo mbripes- ___ 

Turdua grayi—^ _ ___ 

Turdus rufiventns -- 

t^inlidae: 

dorsalis. ______ _ 

Sturnldaa; 

Coemopsaria regtus _.- 

Creatophora einerea _ _ 

Galeopaar mlvadorii -- - 

Gracula reUgiosa - - 

Mototbrus bonarimsis-^^ _ 

TrupiaUs dcfiiippi __ 

Plooeidae: 

CoUuspaaaer ardens _ 

Dtafropura procne__ _ 

Ifiinia mafa _ _ _—^ 

Munia molucca^. ---- 

Ifiinia oryzivora^ __ 

Jliinia ptincialafi(§- 

Piocctts baya^ --—-- 

Floceus intermedius ___ 

Pioceua rubiginoaua __ 

Poephila aautimuda-^ --- 

Quelea aafiguinirosiria intermedia^^^- 

Stegmura paradisca-^ -— 

Taeniopygia caatanotia _ 

Icteridae: 

Agelaim aasitniUs- __ 

Qymnomystax mexicanus _ 

Jc^crti# __ 

Notiopaar curaeua _ 

Xanthooephalus xanthocephalus^^ _ 


Yellow-biUed magpie——— -- 

American magpie--— — 

Bed-billed bine magpie.-— 

Australian catbird--- 

Sickle-billed bird of paradise - 

Satin bowerblrd—- — 

12-wired bird of pnradise.^^- - 

Bed bird of paradise-- 

Bed-eared bulbul—- --- 

Teilow-vented bulbul - —^— 

Orange-spotted bulbul __ 

Bed-throated bulbul—^—— - 

Yellow-crowned bulbul --- 

Silver-eared mesla^ -- 

Western red-legged thrush -— 

Bonaparte's thrush—— - 

Argentine robin- --— - 

Telta dscal shrike- -- 

Splendid starling_ 

Wattled starling- --- 

Crested starling --- 

Soutbero hili mynah --—— 

Shiny cowbird-- -- 

Military starUng^-- - 

Red-necked whydab_ ____ 

OLant whydah_ ___ 

White-headed munia - 

Black-tbroated munia —--- 

Java sparrow _ _ _ 

White Java sparrow __ 

Rice bird or nutmeg finch __ 

Baya weaver^ ___ 

Black-cheeked weaver^, __ __ 

Chestnut-breasted wearer— _ _ 

Long-taUed flneb^^___ __ 

Son them masked weaver finch _ 

Paradise whydah__ __ 

Zebra finch.—____ __ 

Cuban red-wluged blackbird.__ 

Giant oriole^ ^_ 

Troupial___ _ 

Chilean blackbird^___ 

Yeliow-headed biackbix d _ 
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FrlngiUidae: 

Antandava amandava —— -— Strawberry fincb——- 

CoryphospinQUs cucuUatus ---Ked-crested fin ch , -—— 

Cynnocompsa argentina __ Argentine blue grosbeaSs^—^ 

Diuca ----- mncsi finch-*--— 

Lophospingud pusUina _Black-crested finch- 

Melopyrrh^ ---— Cuban huHflnch-*————-- 

Paronria gucullata... ___Brazilian cardinal--- 

Paaaerina ciria ----Painted bunting—--- 

Fheuctieua _*-Yellow groabeak__^--- 

Phrvffilua frvtieeti _Mourning finch- 

Phrygihis gayi ___Gay's gray^headed finch- 

Serinus canarius^ --Canary-— -—--- 

£t<calta flaveola __——-Mysto finch--—- 

Sicalia minor^ ___Lesser yellow finch—-- 

Spima paaltria _Arkansas goldfinch^---— — 

iShptntM uropyffitilia^^ _—— Ghilean sJskliiu^-— -- 

Sporophila aurita __ Hick’s seed-eater----- 

Sporophila guttwaJis __ XeUow-belUed seed-eater-^- 

Yiorfs olivdcea———---Mexican grassquit---- 

UroJoncJiui leiicogaatroidea -Society flnch„_*—-— - 

FoIaNntd jacarini _^ Blue^black grassquit—-- 

Zoftotriehia capensia ___— CMngolo----- 

UFi> |' I !>!?!« 

Crococlylidae: liOiicATA 

Alligator misaiaaipiensia __ Alligator __— ----—*- 

AHii^afor —*__— Chinese alligator--- 

Caimm latirostris^^^ ___ Broad-snouted eainaan-— - 

Caiman aclerops^^ __ Spectacled caiman—.--- 

Crocodylus acutua _—__Am^lcan crocodile—--- 

Crocodylm cataphractua --Narrow-nosed crocodile- 

Crocodj/liis nfloffcus—*__African crocodile--*- 

Crocodylus paluatria ___“Toad** crocodile__—- 

Crocodylus porosus _____ Salt-water ercicodile--*- 

Oateolaemua tctraspia^-^ _____Broad-nosed crocodile,^*—- 

Agamldae: squamata 

Physignathua leaueurii^^^. _ _ ___Lesueur*a water dragon^*--— 

Gekkonidae: 

GecJto gecko _-----——* Gecko--- 

Iguanidae: 

Anolia caroUnenaia ___False chameleon--^---—— 

AnoJia equeatris ____Giant anolls^-.-—- 

Iguana t^nna_---Iguana--—-——— 

PArimo^omo comii/nift__—.— Homed lizard— -- 

Bauromalm ohesua --——. Chuckwalla——--- 

Scelaponta undulatua ----Fence lizard--- 

Anguidae; 

Ophwawrti* apus ____— European glass snake-- 

Ophiaaurua ventratia _- Glass snake--— 

Helodennatldae: 

Eeloderma horridum-. _Mexican beaded lizard- 

B^elbderma auapcctmn- —-- Gila monster—*--—- 
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TeMdaB: 

rupin^imblr niffropun^atvi^^ _-__ 

TupliuimbiJi TufamiM _ 

Tup^HontMt _ _ _____ 

Mnd:d 4 i 4 : 

___ 

Ttlifftia nk^roSiaet^^ ___ _ 

_ 

VotunfdQO: 

F^nsnii# k^mcdocn*it^^ __—__ 

FomnUf _ 

V^mnm laliMsfor.______ 


Tcpi lixard________ _ _ S 

Red t^u Uxnrd.______ 2 

Tellflfir t<»*Ti Vnird — . _ 3 

CDnTi1f^bniii'& abiolL-™-*. __ S 

Mottlca Ikard.__ 2 

BLuc^Doii 4 *wJ Uxurd_____— 2 

KoiDfido drucoti _ _ 1 

AMcam na^Dltor.^^_____^ 1 

Bumattau mifuRur--_ _ _ 10 


Eoldnt^! 




HiVlilr^a trpm hi\A 


fIfjFHMtnt*ffir ^vmjitrifttnr 

Hm m.riBtrTiff nr _ _ 


Bpicrat^ _ 

Rntntvnw Imn _ 


BpiCTQftM ^dWM 

^itlHTnantA _ 



llAiElnn boa __ , 


iTtdlifAw ^ 

ImHiin pv^bofl 


FpfAim ____ 

Rati prthOTrt—^__ 


nrffraJafKJi - 

pTfllrun 


^pthon acMff __ _ 

Afrln«n i-ni-lc nvlti^ti 


rrvpfd&pAfa werraMKruji _ _ 

return lion 


GaInbrtdAn: 



ACTwhordu# yatMttfaujt, , _ _ _ 

Btepbast-tmoli gTiglfiv __ . 


ColutfT (KHwMjc^ot , 

Blnt!k imBlrft__. 


CvrIpffmM 

Oobra-dmPAWipwft^' 


lyiadcrPhU fmnafatmg 

RJ n|^'‘niPi*1r4^1 «nf^lffv 


Dromieu9 (foraol£« , - 

JhfnHI Tftlnnil nnnVii 


Bp, _ - 

Drym<ifvh(m corai^ vouperi ___ 

SeijEbdur Jelaoil Hnakfl:.._ 

Indli^a HDfikB_ 

— 

ffUtfrlt^ _ _ ___ _ 

rfi>m finnirf* 



Nisbe SDak«^ 



Priot ffonkd— _ ._ 


XVliitc pilot EDDke____ 

i^lphlf f^itodripiftata. .. __ _ __ 

dllfkneL auak* 

H^ttrodon coniortrir- ___ 

Hoe^D^icd EniikB_ 


Zri]tnipropeR£# i^ffirliu yfnr-ldlAii a . 

Floiiiia kinff imaliA _ 


LoTnpuojHrlKf gdtuluS-^^ _ 

KJele or chnlo mAki^ 


LampropeUU triampidum __ _ 

Milk snaka^ __ _ 


L^adophU _ 

LiQifhii mUiariM-.. _ 

Sontb AmerleftTi sre^ii snitko^_ 

HoniTi AniBrlrnn bTOwti gnnieg_ 

— 

JWotjetff# iwrnaKi.^_ 

E^nmoth miAk^ 


JfdPiff cydfoptoiN^___ 

W*tPT itnjikB 


rir HU_ 

Wnipr ATiAkp 

■ 

td imiffr ,. 

Western biiU gr>ttk** - 


^afniwD^ti 

OUlf^iriiliL £Art-6-r gnjiVii __ 


alp^lli aoneJimstv 

Faelfln isaticr snnkp:_ 


rAa?7tiv9pA(B M^aSif tirUiUiw ___ 

Garter wnmk^ _ 


BldpiOite: 

N&fa Hannah __ 

Kine- «ilirii 


3?d/d tripudiam juncurano_ 

RlTYlllll^fln ‘KTnini'lr 

Ifaia ro 

--- t^iiiV«.-UWUBU muni- 

African black cobra^ 
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CrotMldae: 

Affkistrodon mokasen ___ 

Affkistrodon piscivorus - 

Crataim adamanteus- -- 

Crotalus cerastes __ 

Crotalus cinereous- _ _ _ __ _ _ 

Crotalus horridus- -- 

--— 

Vlpeildae: 

gahonica _ _ _ _ 

JJilis nasioornie ______ 


CSopperhead snake-*.-- 2 

Water moccasin-*-—- 1 

Florida diamond-Mcked rattle- 

snake _— _— ___ 4 

Sidewinder rattlesnake-— T 

Texas rattlesnake-- 6 

Banded rattlesnake—^--2 

Pigmy rattlesnake___1 

Qaboon Tlper__—- 2 

RMnoceros riper_—_ 1 


Cbelydidae; 

Bafrachemgs nasuta _ 

Chelodina longioollis __ 

Chelys fimbriata - 

Hydrapis sp—- 

Hydromedusa tectifera - 

Platysternidae: 

Plaiemys platycephdla _ 

Platystemum megacepJiaium- 
Felomednsldae: 

Pelofnedw^a galeaia^-^ -- 

Fodocnemis e^pansa^ __ 

Klnostemidae: 

Einostemon sp—__ 

JOwo^teraon aabrwbrttm-^__ 

Cbelydrldae: 

Chelydra serpentina _ 

lfacrocJteIi/« tcmminckii —^— 
Testndlnldae: 

Chrysemys picta _ 

Clemmya guttata - 

Clemmys insouipta^ _ 

Clemmys muTilenberffU _ 

Cyclemys amboinensis _ 

Deirockelys reticularia - 

Emys blandmgii - 

Oopherus polypTtemus - 

Qraptemys geoffraphica - 

Kinixys erosa _ 

Malaelemmys centmfn— 

Pseudemys concinna - 

Pseudemys deoussata _ 

Pseudemya d^orbignyi - 

Pseudemys elegOM - 

Pseudemys ftoridana _ 

Pseudemys malonei - 

Pseudemys ornaia—^ - 

Pseudemys rubriventris _ 

Pseudemys rugosus _ 

Terrapcne carolinu - 


TESTUDIlfATA 

_ Sonth American side-necked turtle^ 

______ Australian snake-necked turtle- 

_Matanmta turtle——.—-- 

_South American snake-necked turtle- 

_ South American snake^necked turtle- 

_Mat-headed turtle _ ___ 

_Large-headed Chinese turtle- 

_ Common African water tortoise_ 

- _ South American river tortoise_ 

__Central American musk turtle- 

_ Musk turtle—-*__ 

- Snapping turtle- 

- Alligator snapping turtle-— _ 

_ Painted turtle.______ 

_Spotted turtle- 

_Wood tortoise --- 

_Muhlenberg's tortoise_ 

_Kura kura box turtle——-— 

_Chicken tortolae-*-—-- 

_ Blanding's turtle_ 

_Gopher turtle- 

_Geographic turtle- 

__ West African back-hinged tortoise— 

__ Diamond*back terrapln-^__ 

-Cooter—--- 

_Haitian terrapin____ 

_D’Orbigny*s turtle- 

_* Cumberland terrapin—_ __ _ 

_Morida terrapin__ 

_Fresh-water turtle---- 

__ Ornate turtle____—_ 

_Bed-hellled turtle-—__ 

_Cuban terrapin_— 

-Box tortoise___ 
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TefftQAIntdBB—C od tinned. 

T^trrapmia onuifa---- OmnU^ hoT hirtio—-- ^ 

T^eftvifo --,—---——— & 

TcvllMla dstHiouliala---——— -- - - 2 

Tc«t*hfo tftetfttiw_______—.-——. Star tortolist- — — -—. 2 

rcifudo wnW_ .. ____ SumalriEti Iimd lOrt^LK^,--- -_-- 1 

rcflfldo cvAipPtnirt _ __Duiiosji l¥la£id toftolse- -- ^ 

Tefftido _ _Hood Jalfliid lortotstf-- ® 

TefflkTo __ _ _ Scft-^ellEdlard boxtoise-^^__—, 4 

^Cffudo HdfW-___ _ _ AlbemurJe Inland iistalH?- Z 

TriDQjrcbliliiD : 

Amvda ft-TW ___ Bolt sbcUod --—- 6 

Amj/do frfynfHTf■ . West AtdciLn soft'PtiPiled turtle.,— 2 

Titcmyx oartl7njrliiCiu^____ AsIftUc wH-aliidled 4 

aMFHTKlA 


dlAODtlXa 


Salomaadrldae: 

TWri^rifi ptrtrAof^o^rer____ ited beUSed Jepojaese Dc^t.__^ - 

TH^tfruf _____ Caltfomia newt...... ---, 

__ Common ---— 

3'rfitirui ____. SinLamancJer ___ _ __ 

Ambji'atoiiildac : 

Afnfrjr^tOMa trldCUfatUPn.. ____ ^I>Dtt#d Ml nma nd T, .— ___ 

lf€^(itofcflfrffich.UAOiiifit uliimAiider^.^--— ^ 

Am[vblnm!dpiP: 

Amphiumo. - --- BUnd eel or Congn mvike ^— 

AmpAticma -Blind eeL or anuke^^— 


1 

12 

2 

2 

2 

1 

2 

1 


e^TJXPTTA 

DiscogloBEldHo: 

ffojnbfRd bofflbfna ____ , Firfr-beHled b&nd __ _*__ 0 

DeDdrotmtlclop: 

AfeZo^w sp - Spotted fltelo(pu« ___ . J 

/)eMdriob4f#i mo-rttn#,. ___ Arrovr-polsoo fnsg_ _ 3 

Bufonldae: 

J?m/o cmMimnm --CommoQ Amedcan toad___ 1 

^u/i5 —___ Sftpedooeucba - - - 12 

Bufo martnas —---Murinetonit___ __.. 10 

Bufo pv^toc^phalini _ _ __Oaban ^anb toad__ _ 6 

Oeffttopbrydae^ 

CcreilopArVt ornatn_____ Horned fro^_ _ ^____ 3 

Ceroto^JhrK* wriM___ _ __ Unm-iNll d 

HyllilAe: 

Ify/d cocTulfa._ ___ Aiuttralldi] tree frog__ t 

Bifla ymicoLor^, -- OtHnnjOJi tree £ro^ ___ 3 

Plpldae: 

Ptpu ffnwrft^ffjw.^ -- —Barlxium LmiL.^__ _ 1 

ilaolflac: 

Rmia etif«6ffljia_._ . ..American ImUfro^,_ 3 

Kapw dcwnttonj - --- Green frof.. __ _ 3 

ffona oooipiiaiU -- ---W«t AfHcftfi bulifmif___ 1 
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nSHES 

Astronotm ocellaius ---- - ---- 

Botia macracanthus __——Clown loach-- 

CamegielJa sirigata __ Striped hatchet -— -- 

CorydoTQs rrwl(mistiu9 _— Armored catfish— -- -— 

Epal^eorhynchus talopterus _ Black shark- - — 

Hemigratnmus unUineatus-^, ------—- -— 

Hyphessobrucon inneH-^-^ _ _ _ _ Neon tetra fish.-— -- 

KryptopterU3 bicirrhui _ -_ __Glass catfish--—- -- 

Lebistes reticulatm __ Guppy--- - 

Lepidosiren paradoxa ___ South American lungfish - -- — 

Leporinvs fasciata^^ ___ _ _____Leopard fish--- 

JfonocirrAws __ _Leaf fish^— .— -- — -- 

Nonnojfomtts aTtomalus __ _ __——- - -- --- 

N^onttosfofftwa marginatum- ---- - 

^amnoitomus trilinmius— -- -- --— -—- 

Nmnostomm sp-__ _ — ——- -- - 

Fantodon buchholzi _ _ ___Eutterfly fish- - - - - - 

Platypoecilus maeulatiis _ _Goldplatles - 

Plecosiomm sp___ —Window cleaner- -- 

FHstella riddm^ _-_ — —_-___- _ —- 

Pierophyllum^ scolare - --- Angel fish -—- - 

laierstrlgga --- --------*— 

partipentazofm^-^-^ - Eed-fioned barb^____ 

Rambora heteraTnorpha-^ __— __- Basbora^__ _ 

Berrasalmus temetzi—. — ^Piranha or caonibal fish _ _ 

Tanichthym nlftoniidea^_ __ White Cloud Mountain fish ___ 

TUapia sp^---— - -Mouth-breeding fish _ 

Trichogamier leeri __ S-spot gourami ____ 

Xiphopkorum heUeri _ _ __ Sword-tall ____ 

- — -Black knife fish - -—, 

ARACHNIDS 

Eurypelffia sp--— ---- Tarantula ___ ___ __ _ 

Latrodectus mactam __ _ * Black widow spider*^,_ 

mSECTS 

Bla&era sp__ ---— Giant cockroach__ 

MOLLGSKS 

AchatiTia variegata _ __ _ Giant land Bnail_____ 

CenSTACEANS 

Coenabita clypeaim ____ Land hermit crab__ 

Kespectfully submitted. 

W, M. Mann, Director. 

Dr. C. G, Abbot, 

Secretaryy Smithsonian Institution. 
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APPENDIX 8 

REPOBT ON THE ASTROPHYSICAL OBSERVATORY 

Sm; I have tbe honor to submit the following report on the scilrities 
of tile Aeljophjsioiil Ohjervetory for th« fiscal year ended June 30, 

WOBK AT WAAm^OTOK 

Afessrfi. Aldrich &nd Hooker, with esaistanoa of computers Mrs. A. M. 
Bond, Miss L. Simpson, and Miss N. IL McCendlisb, prepared in 
lUMLUSCript the unmeuse table of daily solar-constiint obserfationa 
from 19^ to 1939. The table contains all mdividuBl obserrations 
in detail for the tliree atations, Montezuma, Table Maiintaln, and 
Mount St. Katherine. A single day aomefimes inTolTea in itadf alone 
a subtablo of ID lines, ID oolumna wide. Every solar-constant deter¬ 
mination WBB scrutinized in detail from tho original records before 
entry into the great table, and In very many instances recomputed to 
cliotk discordant results. Mean values giving the most probable result 
of each day at each station veto compute^l, and all were plotted on an 
eiteiided scale. This plot made up a roll about 15 inchea wide and 
300 foot long. 

Li tills form every day’s values were scrutinized by C. G. Abbot, and 
discordances noted. As one result of his work in preparation of a 
paper entitled '*An Important Weather Hilcmoilt Hitherto Generally 
Disregarded,”^ Dr. Abbot had been strongly impmssed by the fact 
that tliB solar variation is several times greater in percentage for blue- 
violet rays than for total radiation. This led him to investigato 
whether on discordant days tlie shorter weva length parts of the 
energy spectrum of the sun, as computed for outside our atmosphere, 
ware also dhtoordaiiL It proved that in many cases they were not, 
allowing that errors had been made in other tlisji the spectral parts of 
the deteimkiatiiinE. Hence, the entire great table was gone ihiuu^, 
and for all discordant days the blue-violot extra-atmospheric spectrum 
was reduced to comparable units by bringing all days to equality in 
the infrared region., where solar variation is nearly nil, Nearly s 
hundred pages of n&wly computed manuscript tables were required 
to Bot forth this iuformnl.inn. 

With this new mfortnation available, Dr. Abbot in many cases 
markud “improved preferred" daily values on the great chart for one 

1 SOLlUliDalAii Ml«. Cell, t 4L Iffl, Hq, 1„ 11*1, 

me 
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or moro of the stations, as dictated bj the blue-Tjolet syiHitrum. lie 
then took tlie general mean for each day, not only of tlio untreated 
results, taking into nocount only the grades assigned by Mesai's, Aid* 
rich and Hoover for the separat® stations, but hIhq an “improved pre¬ 
ferred’* mean for perhaps iioe-fonrth of all the days. TIibs^ new 
means were tlie results preferred after considering the blua-violet spec¬ 
trum. Both of these daily means ware entered in the great table, ao 
that when it is publiahedi readers may use either the preferred general 
mean or the “improved preferred’* ganaral mean, os they please. 

As the great table was thus being finiahed in manuscript, it was being 
typewritten by Miss M. A. Neill in preparadon for the printer. By 
the end of the fiscal year it was almost Jliilahed for publicadon. In 
the mean time die rest of the manuscript for volume & of the Annals 
had been finished as for as possible by Dr. Abbot and typed by Mis® 
Neill, But some dianges and additions will be made after the inspec¬ 
tion of the great tobl® ia complefed, Ttiere appeura every reason to 
hope diet the entire manuscript of volume 6, including the great tablo 
and its subsidiaries, tables of lO-dny and monthly means, wUl be in 
the printer’s hands befora Now Year’s Day. 

The sEudy of the great table led Dr. Abbot to rooonnidor whether 
the Bun'a variation might not be more affectively followed by observa¬ 
tions limited to the blue-violet region of spectrum. He woa at length 
able to duviue a method which appears promising, and which bos been 
introduced just ot the end of the fiscal year at all three field stations. 
Ill brief, die mediod contemplates inserting in front of the spectio- 
boiometar slit a glass filter which restricts the radiation to the desired 
bliio-violet region. An exncdy similar glass filter Is inserted before 
the aperture of tho pyrhcUometcr. Blnowing from the uFnial eolar- 
constant work of the day the almospberio (rausmisslon cocfflcicnta for 
blue-violet rays, it is possible to compute the eitra-atmoepheric energy 
spectrum of the restricted bhie-violet sjitictrum given by tho screened 
siieotrobolomcter. A comparison of tho bluc-vIolet energy spectra at 
the station and os computed for outside the atmosphere givoe a factor 
to multiply the screened pyrhcliomotcr reading to what it wonld be 
outside the atmosphere 

In this way we restrict the observations to the most variable part 
of the observed solar spectrum, and avoid those spectral regions where 
ozone, water vapor, and eirtreme short and long wave lengths introduce 
great errors. We greatly hnpe tliat this new method will yield more 
reliable daily indications of the eolar variation, 

The necessary instnimental changea for introducing die new method 
were done by A. Kramer. Ho hoe also prepared special apparatus 
for solar distillation of wa water after Dr. Abbot's diisign, md many 
other required small jobs for the Observatory. 
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Dr. Arctowski continiied his meteorological investigations re¬ 
lating to the effects of solar variation on atmospheric barometric 
pressure and temperature. His studies led to researches on the 
upper air. By courtesy of the Chief of the United States Weather 
Bureau a long series of daily nocturnal radio-meteorograph records 
were procured. Dr, Arctowski did very extenmve computations and 
graphical representations with these data. At the end of about 18 
months of strenuous investigation he prepared a paper illustrated by 
many plots and much tabular matter which will be found of source 
value hereafter. This paper will soon issue under a Roebling grant. 
Dr, Arctowski finds the important influence of solar variation on 
weather plainly obvious, but the manner of its operation esrtremely 
complex. He regards this first paper as merely introductory, and 
sees a great field for future investigation, 

YIELD STATIONS 

As far BS possible daily determinations of the solar constant of 
radiation were made at three field stations, Montezuma, Chile, 
Table Mountain, Calif,, and Tyrone, N, Mex, A commodious rein¬ 
forced concrete dwelling house was erected at Montezuma under 
H. B, Freeman’s direction, 

PERSONNEL 

L, A, Fillmen, for many years instrument maker in the Division 
of Radiation and Organisms under private support at the Smith¬ 
sonian Institution, was transferred to the Astrophysical Observatory 
Government roll. 

SUMMARY 

The immense task of preparing the solar-constant work of the 
past 20 years for final publication was practically finished, A new 
method of following solar variation was devised and installed at 
all field stations. An extensive research on the effects of solar vari¬ 
ation by Dr. H. Arctowski approached publication. Dr, Abbot pub¬ 
lished a paper entitled ^An Important Weather Element Hitherto 
Generally Disregarded,” in which many proofs of solar variation 
were assembled, and the effects of it on weather were shown, to¬ 
gether with preliminary attempts at E- to 5-year weather forecasts 
and verifications. These ambitious forecasts, while not as success¬ 
ful as was hoped, are promising. 

Respectfully submitted. 

C, G, Abbot, Director^ 

The Seoretaby, 

Smithsonian iTistitution. 
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ERPORT ON THE DIVISION OF RADIATION AND 

ORGANISMS 

Smi I h4ive honor to submit the following report on the 
Activities of lh« DiviHl™ of Rjidialioii And Org^triiams during the 
year ended June 30, Iff-ll: 

Ths {}[}eratiorLH of ths Division hav« been financially supported by 
funds of the Smithsonian Institution and in part by a grant fi^om 
the Kt’^eArch Corporation of New York* 

For several months during the past year actual work in the 
laboratories was suspended during the constnietion of a new sewer 
system and the preparation and actual work of electrical rewiring 
throughout the bnilding- AJso three of the labonutories and the 
machine shop were repainted. 

Considerable time has bi?en given by members of the division in 
the planning and construction nf on exhibit now on disjday uai part 
of tile ^Tndei Elshibit^ in the Main HaD of the Smithsonian Euildkg. 
A detailed description of tin? exhibit appears in the Jply 1941 
nnmber of the Scientific Monthly* 

iNrt-trENCE or raoiatidx on HnaproAiroN 

Following the preliminarj' cj^xcunents and improvement in teeh' 
nlque as reported last year on the iiroject dealing with iJie genesis 
of chlorophyll and the boginnmg of photosynthesiSi many data have 
boon obtained on tlie respiration r^f etioLati.fd barley $eed]ing^ Thbi 
information is highly desirable because of its bearing upon photo¬ 
synthesis aa niGBSured by the gaj^ua exchanga inetJiiKh Further- 
morCi a comprehensive review of the literature on respiratiozi as 
affected by radiatiun is b^iiig comphUed and wdl sofiiii be made 
available. 

Tlie rata of rfififairatioo (carlmo clinxide evnliitiori) of etiolated 
barley seedlings {L e.^ seedlings grown in complete darkn^ and 
devoid of chlorophyll) inr:reAa$ft following illumination, whether 
measured in dark or in light Under favorable eoudiliona this ri^ 
amounts to os much as 20 percent of the previous dark rate and is 
maintained far at least 7 hours after the light exposureL 
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The niaiimal effect of illomiimtioii for a BO-ioiiiute period occurs 
at a fairly low mtenaty («0 fitot-candJes or less). The magnitude 
of the effect produced by CO foot-candlea of light increases with 
the time of illuaiination up to an eiposuro peri(^ of about 30 min¬ 
utes and romains constant with longer light periods. These reaulla 
are graphically illustrated in figure 1. 

In many of these studies it was observed that the rate of natpira- 
tion was not as constant as oiio would desire during the periods 
prior to irradiadon. It was thought that perhaps the metabolic 
reactions of the seedling were affcsctcd in transferring them from 
the germinaiion conditions to those of the respiration chamber. A 



I 

i 

i 


Fl9m L—EETkI df lUdtialdiillnD dQ miplrBlJdD At ^tJdlfhtAd i*f41lflAl. rtrcutlfd 

Xu TAba of ti pldEtfid AimJsPt Istwltr o£ IllDinliifttldli fn upper 

crapti ud kgUDIt dtuatidu Ot e:rPdVorv In Idwcr Enpli. 

nuutbar of changes wenj rjiadii in the ^rmination i^iiditioEis and 
in the preliminury treatment of the cxperinicntal plants in the 
respiration chamber. After many experiments of this nature it 
appears that tha rate of respiration cither increases or decreases 
continuously for a period of time following eApneures of the seed¬ 
lings to low or high carbon dioxide concentrations respectively. For 
example, figure 2 shows the relntive rates of respiration for succes¬ 
sive half-hour periods following a oonditioning period nf 5 percent 
carbon dioxide. 

From data of this typo it would appear that lAiifliLions of car¬ 
bon dioxide etorago or depletion develop in the plant tissue depend¬ 
ing upon the concentration of this gas surrounding the plants. In 
subsequent periods, when the respiration is measured there ie an 
increase or decicase in the rate of CO* excretion (i. e., in the apparent 
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rfttB of nispir&tioti) iintJl a stato of equilibrium wltlt ibe mw environ¬ 
ment is attained. If this phenomenon is of widespread oecurrcnoe 
in green plants as well, it must lie of considerable in)|MirtaTico also 
in cjtpcruuents in which rates of photosynthesis are measurod. 

Considerable lime liaa been spent during the late winter and spring 
in improving the performance of tho spectrograph used in measuring 
carbon dioxide for \erj short periods. A 16-ec. voltime absorp- 



EITcirt pr^vjiw OOi «nTirosaMlt4i Cdsdltldtu rmlea I^tf 

tloii of bmlfj 


tion oeU, providiDg n 15-ciii. optical path mailo in the shop end 
inEt^UIed mx the instrumeotv The speetrogrAph case was lagged 
with 4 Indies of rock wool and tha whole room thermostatcd to 
mAmtain a temperature of C. These features Imm impruved the 
speed-aenBitiyity and stability of the set-np very materially* The 
fts^mblj has been used reecotly in measuring the solubility of COx 
in wat^r at very' concentrations where a marked departure from 
Hemy^s Law was discoviu*e<L Further experiments im this are 
in progress and will be published soon along with a detailed descrip¬ 
tion of the spectrograph ic methoLl of COa measurement.* 
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EsTTiUENCK 0? LMirr Ef JIAJIUT flWlfWTH dP OKAAS 9En>LC«W 

Further Etudy of tliB spectral cffectiwnes! of radiation for the 
gro-wth inhibition of the oats nwsocotyi hna indicated that the maxi¬ 
mum response occurs at 6800 A. It is highly suggiiStiTO that both 
chloroijhyll a aud a pigment os yet unidentified which has been found 
in dark-growQ oats seed lings oxhibit an absorption batjil at this 
position. 

A cuniparatire study has been undertaken of some other species 
of gmsBes that have been reported in the literature as haring meso* 
cotyls insensitire to light. All of those so far inrestigated liave 
been found to be suppressed by light alt bough the intensities required 
are much greater than in tha case of Aifena, 

Since the growth of the oats mesocotyl is tiecrcased, even bt dark¬ 
ness, by higher temperatures it is of interest to compare the effects 
of temperature and of radiation. The high tempcrstiiie inhibition 
appears to differ futidumentally &om the light inhibition inasmuch as 
the growth of other organs of the seedling, notably the roots, is also 
greatly suppressed in tho former ease. Some preliminary experi¬ 
ments have indicated that in certain varieties of rice, on the other 
hand, mesocotyl growth is greater at higher temperatures. 

r ^iinJEK CE or cm-TOBAi. costditions on the okowth of ALOAn 

Tlie infiucnce of cnlture canditiotis on the pbotoayntJietic lieliavior 
of the alga Chloretla pyrenoid-osa has been subjected to further 
investigation. The growth cycle of this organlaui has been studied in 
relation to light intensity, carbon dioxldo concentration, and the 
composition of the nutrient solution. TLis work is far from com¬ 
plete but has suggested certain changes in the oompcKition of the 
nutrient solution and in the design uf the apparatus. Equipment 
is being corutruettsd for the continuona culture of algae in order 
to obtain completely reproducible quantities of biological material 
for irradiation axperimenta. 

Esperiments were also conducted to ascertain enilabic light condi¬ 
tions and culture media for optimum growth of the aigu naenui~ 
iococcus piuvialki in pi-eparadon for research on the comparative 
effects of short wave lengths of the ultraviolet on the green pigment, 
chlorophyll, and the red pigment,hacmatoehroma, in algaa. 

As a result of inquiries regarding the use of algae in industry 
and bi^uiise of its importaiiito to producers of kelp, Irish moss, agar, 
and alginic acid in the defense program, a paper is being prepared 
containing die latest statistics and information about the economic 
uses of algae. 
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PEFrJ?ONNO. 

oltaiigi^ have ficeijriistl In Iha ^ULus of ths Divif^ion^^ per- 
soRoel diHTOg the past Bn Jack E* Myers has contiiiyed hia 

work with algua niid <m phutosyiithasij^ uncl^r hi? Nstionat Hesenreh 
Fellowship grimU 

FAFEB3 F11E;9EKT1:D AT MIXTINOS 

Phrht£H7cihHiB aft El rttiaitflcenec Prwnied by 13. D. McAJieter at tiie Marine 
^tndon, FactQc Orovc^ Culif-p etml ut Stowford Uotvisraltyr Palxj 
Aitfip calif , in An^t 

Qaantiun efftcienoy of phetft^jn thesis trnm flnflrefieence ineasureiacnts, Pre- 
jiented hj El l>, MeAlK^ter before the Pbysles CoUoquLmn^ OeotEe WaHhiagluD 
Unlvensity, Washtn^oQ, D. C,^ nn Occober 23, IMO 

PUseraeoiiee and phiUosyathesSa Prestfoted by E. t>. McAlister beftira the 
Pliilosephlcol Society of Wnshlo^en, D. fJ.p on Uclober 2a, lEW. 

Tile cRidcuey of piiotosyntbesls in relation to Uuoneareni:^ Presented by 
E. D. McAlister beforo tbe BotEmlcal Society of Ajaertm^ Fhlladelphlat 
Decembur 30, lOM. 

Inlilbjtlon of OrFt Intemode af Arena jaMra by radiation. Ptceented hr 
Itobart U Welntrnnb before the American Rndety of Plant Pltrs^oii^fca, PMl^ 

Ddcljihtii, Pn., Ileremher 30> IftlO. 

TnHiienee of Iljtbt do Ehe reerfradoi] nf etloLatcd barley secdlbiga, Pre- 
eented by F^rl 3. JEitinsinn and Bebert H Wclntraiih before tbe American 
Society of Plant Phystalftfdsta, PhUadeIpblo, Po.t l?eccotber SO, 1040. 

Crtltnre godditlodfl far ChiotcHa tn relttUcb to Its pbotosyiithetle bebaTlor. 
Ptesented by Jack Atyerv before tbe American ISoclety of Plant rbyiiDlafrliitiV 
PbRadelpbla, Ptt, Decemlcr SO, ItM). 

PbolDsyntbc^U In plat ages, rresented by R B. AfoAlLffter befoto tbc 
Palecotnloidcal Sodery of WaidiinstoD In Ajirtl 1041. 

punucATioKa 

Chase, PuisENct] AfioEi- fncrcased symulittloti of tbe AJgii SixcK^roam 
bacUlnriA by fincecqslve ciposures to abort wnve Icngtlis of tlic nltrn violet 
Smithson Ian Mlsc^ ColLi rot 00, No. IT, pi?. 1-161, lOit 

AfoAbiimsi. El Dr, and MrEiE«. Jack. Hie time caumr uf photOHynUieaLH and 
dooiescence obaery-ed sinmUuneously. Smttbsoaiun lUsc. OolU Toi 00, No. 6; 

1-^7* 1140. 

McAjjstee, E. D., an£t Mrima, Jack. Time rnarw of photosyntlieelB ami 
flimrescencc. ^Esnee^ rot B2f N(x 22^ pji. 241-24't, 1040, 

^tcAuaran, !>., hlATEniaoN, (3. L, flnil W, J, A large recording 

apMtrogranh for the tnfrfited to Rev. Sdentifle Instr,, vol. 12:, No. fl, ppi 
ai4-310, 10*1. 

Mi:rI3^ FtOfWaffnp R. Plankton in the water aupply. Ann. Rmlrhi^hian 
Insfr for 1030, pp. 308^12^ ISMO, 

WnsTTBAUD^ KoamT Plant'rime ttiltnrw. Ann, Rap. SmithsonlDa Itisi, 

for 104t\ pp. SliT-aeS, 1011. 

Respectfully submitt^tl, 

Eam, S, JotitsstoNj lyirect&r. 

Dr. C. AbpOTj 

Secretary^ SrnUA^onim Imtituii&iu 

-i.TCKliTT— 12- —a 



APPENDIX 10 

EEPORT ON THE LIBRARY 

Sib: I h&TO the honor to submit tho foUowmg report on tiie 
activities of the SmUhwnian library for the fiscal jear ended June 
SO, 1041: 

THE Lmnanr 

Tho librarj, or library stbUih, of the Smithaonian ia made up 
of 10 major and Sti minor iinilis. The former consist of the mam 
library of tho Institutioii, which since lS6>fi has been tn the Library 
of Congress and is known as the Smithsonian Deposit ; the libraries 
of the United States National Museum, Rurean of American Eth¬ 
nology, AsLrophysical Observatory, Freer Gallery of Art, National 
Collection of Fine Arts, National ZuoIngiiAl Park, Division of Radi¬ 
ation and Organisms; the Langley Aeronautical Library—depositenl 

in 1930 in the Division of Aeronautics at the Library of Congress_ 

and the Smithsonian office library. The minor unite are the sec¬ 
tional libraries of the National Museum. Although the collections 
in these 45 libraries are on many subjects, they Lavs to do chiefly 
with the matters of special moment to the Institution and ita branches, 
namely, tha natural and physical soieacca and technology and the fine 
arts. Hiey are particularly strong in their files of standard mono¬ 
graphs and aerials and of the reports, proceedings, ant] transactions 
of the learned institutiona and societies of the world. 

Cooperating with the Smithsonian hbraty syatejii, but independent 
of it, is tho library of the National Gallery of Art, which, during 
the year just dos^ took its first steps, under a com|)etent staff, to 
meet the reference needs of the Gallery personnel and of otfisra 
outside. The libraries of the Institution welcome the opportunity to 
fn^or, in every way possible, the interests of this new friendly 
neighbor. 

KEBSONNSl. 

Tho year brought an unusually large number of changes in the 
staff. Among these were the following: The retirement, on account 
of age, of Miss Gert.nide L. TVoodin, after long and valuable service 
as assistant librarian; the promotion of Miss Elisabeth P, Hobbs, 
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junior librarian, to succeed her, and the transfer of Miss Anna 
Moore Link from the editorial office in the Bureau of American 
Ethnology to the vacancy thus created; the advancement of Miss 
Nancy Alice Link to the position of editorial assistant in the Bureau; 
the resignation of Mrs. Dorothy E. Goodrich, under library assistant, 
and the selection of Miss Elizabeth Gordon Moseley as her successor. 
The position of minor library assistant was reclassified to that of 
junior clerk-typist and filled by the appointment of Miss Elizabeth 
Harriet Link. Charles McDowell served part of the year as assist¬ 
ant messenger. The temporary employees were Mrs. Georgeanna 
H. Morrill, library assistant, Mrs. Elizabeth C. Bendure, assistant 
clerk-stenographer, Miss Anna May Light, junior clerk-stenographer, 
Mrs. Marie Boborykine, special library assistant, and Arthur W. 
Gambrell, assistant messenger. 

EXCHANGE OF FTTBUCATIONS 

The exchange work of the library was again carried on with the 
greatest difficulty, owing to abnormal world conditions. The pack¬ 
ages received through the International Exchange Service were only 
615—fewer by 814 even than those of the year before, when there had 
been a similar decrease from the normal number; the packages that 
came by mail were 17,038, or 3,283 fewer than came the previous 
year. Most of the publications that failed to come were, of course, 
European and Asiatic. Fortunately, some of these are being held 
by the issuing agencies, to be sent to the library as soon as the wars 
are over; others have merely delayed publication; but a few have 
been discontinued. Altogether the influence of the disturbed condi¬ 
tions that prevailed was far from favorable to the increase and 
diffusion of knowledge by means of the exchange of learned 
publications. 

There were received, however, a number of rather large sendings, 
notably from the Clube Zoologico do Brasil, Sao Paulo; Bataviaasch 
Genootschap van Kunsten en Wetenschaffen, Batavia; Boyal Swedish 
Academy of Letters, Stockholm; Boyal Society of Edinburgh, Edin¬ 
burgh; Boyal Society of Tasmania, Hobart; and Wellington Accli¬ 
matisation Society, Wellington. 

Dissertations came from only 4 universities, 2 of which are in 
a neutral European country—Basel and Zurich; and 2 in the United 
States—Johns Hopkins and Pennsylvania. These totaled 452—quite 
a contrast to the 6,190 received in 1939 from 34 foreign institutions 
and 3 American. Of the 452 dissertations 261 were assigned to the 
Smithsonian Deposit, and the rest, being on medical subjects, were 
turned over, as usual, to the libraiy of the Surgeon General. 
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Hiost of the £1^16 letters writteji by the vtaff pertained to tim 
e^trhiingn iiite«wt« of the library, llioy naturally showed a dc- 
crcaao from IP-IO, as did the new exchanges arranged for. TliePB 
wero 2S4 of tha latter, however, nearly all of which were on behalf 
of thfi Smithsonian Deposit and the libraries of the N'atiuna] 

National Collection of Fine Arts, and AHtrnphysicol Obsenratoj7. 
AJthough the ntmibcr of want cards handled—^7815—was snmller by 
S7 than the year before, the publications obtained, both by sjtecia! 
correspoodenoe and by search among the recently organised and listed 
duplicates in the west stacks of the Institution, were 8^824, or J,S7S 
more than in 1840. Tlie result of this successful effort was that a 
great many gaps—Bome of long standing—were filled in several of 
the Smithsonian libraries. In addition to thefie publications, whidi 
werw assigned to the tegular sets, olbcts to the number of 6,1 li were 
selected from the duplicate material and put in rf!serTe for use in 
the future. Among these wena many foreign items—not a few of 
thcTEi rare—closely related to the work of the TuBtitution and its 
braiicheif. Tlius again did the surplus cotlectioin in the wesr. stneks 
prove of no littlo valiifl to the library ayMcm, And it bids fair to 
prove so for years to come. aa this rich store of itiaterial is made 
incrcaaingly availahle through listing and through checking against 

tliH ni^eda of tlie various libiiij-iefl. 

From time to t.iinn, too, during the year flies of serlala, long and 
short, not w aided by the libraries were exchanged for publications 
that otherwise would liavo had to be purchased. This plim of es- 
(Aanging dnplIratcB for other publications essential to the Institu¬ 
tion was adopted by the liiirary some years ago and has met with 
much success. It has added to the cidlections many valiiaijte items 
and hna placed a considerable number in other rfowaroh institutions 
whore, instead of standing useless on tlie Smithsonian shelves, they 
havB contributed their pail toward the advanccinont of knowWlge. 
The year just closed brought to the library, under this special ox- 
dmngci plan, a goodly number of important monographs and serials 
that could not be obtained by regular exchange. Among them were 
»uch works as Di^w'ings in the Fogg Museum of Art, vols. I-ITI, by 
Agnes Mongan and Paul J. Sacha; Tim Material Daria of Evolution 
by Itichard Goldschmidt; The Ferns and Fern Allies of Wisconsin,^ 
by E. M. Tryori, Jr., N. C. Fassett, D. W, Dunlop, uml M. E, Diemer ■ 
and Namenclator Zoologicus, in i volumee, edited by Sheffield a! 

In eomiwiion with ln>th its regular ami its special exclianee 
activities, the libiTiTy continual its effort, in cooperation with 
the offices of publications, to replenbh the depleted stock of Smith¬ 
sonian publirationsby encouraging the return of material from 
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lihruriifs tliroughotit tho countij in which it was not noicded. It 
nls^fc continued to act ns n clparing-hoiist^ thus F^ndin^ out again 
niiich of Lhi^ uiaterjal to institutions tlmt wei-c waiting for it. TJne 
libraries of more than 25 miiseiims, colleges^ and universities eagerly 
HharfHl in ilus give and take effort^ which was to the advantage of 
all pfirticipEiiitfii but chiefly of the Smithsonian libraryj for by this 
luennij it woj? able miL only to make majiy of the iJubUcationa of Liie 
Institution more widely aYailable to readers and inYestigators, but 
to ingteiuriR in no aiiialJ ineii^iure the supply of axich publications — soiua 
of which had long been out of print — that could be used for future 

exchangCH. 

OlFTK 

Many gifts came to tho library during the year. Among these 
wer^ pnliUcatloiif^ from thn GeopliyHiral Jjaliorntory of the 
negie Institution of Washington ; 612 from the American Association 
fur tJie Advanccininit of Science; T2 frcnii cJjq Aiiicricnn Asf^iciatiun of 
Museums; 60 from the Public Library of the District of Columbia; 
42 from thi? ^atumal rn^dlLuta of Heakli; arid f>4 from the recently 
discontinued Bureau of the Intcraational Catalogue of Scientific 
Liiteratuitf. Ainoiig theni, Iikj^ wrre a large number of pEibllcations 
from the IXonorable Usher L. Burdicks Member of Congress from 
Sorth Dakota^ frnm t}m late Mra. Charles D. Walcott' — always a 
g^mrous friend of the library—and from the Secretary and Assistant 
Secretary and other members of tlif* Smithsonian atafT. The liirge^ 
giftj however, came from Mrs. Frederick E. Fowle—that of 942 sci¬ 
entific hooka and journals whirh had belonged to her husband, the 
late research assistant of the Astrophysical Observatoiy. 

Other gifts were Hiroshige, by Tonfi Noguchi, from the Japanese 
Embassy; The Herbarist, Noa. l-T (1035-1941), fn^m Mrs. Foster 
Steams j Cliinese Jade CarvingB of the Sixteenth to the Nineteenth 
Century in the Collection of Mrs. Georg Vetlesen — an illustrated 
descriptive record compiled by Stanley Charles Nott, volume HI, 
from Mr& Georg Vetlesen; A Catalogue of Mare Chinese Jade Carv¬ 
ings (2 copies), compiled by Stanley Oiarlea Nutt, from tlic com¬ 
piler; Two Early Portraits of George Washington Painted by 
Charles Willson Peale, by John Hill Morgan^ from the Princeton 
University Bird Heserves, by E. C. Ai'nold, from the author; 

Moss Flora of North America North of Mexico, volume II, part 4. 
by Dr. A» J. Gnmt, from the author; The Young MiU-Wrights & 
Miller’s Guide (1&07), by Oliver Evans, from Edna E. SwiUer; 
Charlea GtMHiycar— CtjnnecticuL Yankee and Rubber Pinneei^-A Bi- 
c^aphy, by P. W. Barkern^ from Godfrey L. Cabot, Inc.; Tlio Shorter 
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Scientific Papers of L« Bsirker WoltonT wltb an IntroilucLiun bt 
Herbert Oabom, editeil by Gonrge P, Fanst, frotn tbe editor ; Genus 
I^boiditi, Hawaiian Euphorbiaecaot Labiatae and Compngittie, by 
I>r. Earl Edward SherfTj fnwn the author; Seventh Report of the 
Chester County Cabinet of Natural Science (1634), from Dr, Rob¬ 
ert B. Gordon; Barbed Fencing, by Charlie G. Washbum—a tyi>e- 
written copy of an original in the iioaeession of the donor, Reginald 
Wa^urn, who liai] the copy mado especially for the Stuitheonian 
Institution; Atlanta City Directory, 1040, from the Carnegie Ubrary, 
Atlanta; Men and Volta, by John Winthrop Hamimmd, from the 
General Electric Company; The Cranial Bowl, by Dr. William Q. 
Sutherland, frojii the author; hlilitary Mcdala and loaignlu of the 
United States, by J, McDowell Morgan, from the author; The 
Stapelieae, in 3 volumes, by Alain White and Boyd L. Sluaiie, from 
Alain White | The Old Bay Line, by Alexander Crosby Brown, from 
the Mariners' Muaeum, Newport N’ews; By Their Works, by H. 
Phelps Clawson, from the Buffalo Museum of Science; and Flora of 
Indiana, by Charles C. Deam, from the Indiana Deparltnent of 
Conservation, 

aoam sTATtanvs 


Tlie accessions to the libraries ware as follows: 
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The staff cataloged 6,603 volumeS) pamphlets, and charts; prepared 
and filed 40,238 catalog and sbelf-Ji^ caida; made 22,811 
entries; Itmed 10,000 publications to the members of the Instita- 
tion and its bureaus; and conducted an interlibrarv loan service 
with 45 libraries ouUside the Smithsonian system. They rendered 
more reference and bibiiograpLicat assistance than ever before, in 
Ksponse to reque^ in person, by telephone, and by mail, from the 
btaff of the Smithsonian, other Government employees, visitors, 
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and ooiT'wrMjndiirils fat and near—nft|iirats often inToWing boms 
of aeareli not only at the IiiBtitution bat at the Library of Congr^sa 
and elsewhere. They kopt the miles of Smithsonian publications ap 
to date, and made condderable progress with the indei of Smith¬ 
sonian eiplomtions begun the preTinua year, and some with that of 
exchange relations. Thalr work on the union catalog may bo siim- 
marizcd as follows: 


TtUnmes isataUiged - --- --—- - 

PftuaptiSeE# and cbarta - - ——- — — —— - 

New entries oifiac-. --—-- . 

Typod cords odded m cntalog ood nholf list --—- - 

Ubrur j of CongroM ciuda added t* and ab^ Ibrt - - 


2,m 

l.WT 

ITS 

8^890 

iap662 


OTHE« AcrrvTn^ 

As has already been suggested, one nf the maiD actmties of the 
staff, apart from their routine duties, was that of making lists of 
the longer runs of surplus items in the west stacks and checking 
them against the needs of the Smithsonian libraries. Another t^ 
was that of bringing nearly to completion the checking of (Jie se^l 
holdings of several of the libraries, to bo included in the forthcoming 
second edition of the Union List of Serials. iVhen this work is 
tini^ed, it will have involved the cxamiiiatian of the lecords of more 
than 7,000 sets of serial publications, not includiiig, of counsu, the 
thousands in the Smithsonian Deposit and the Langley Aeronautical 
Library, which, as they are housed in tJie Library of Coagress, are 
reported by that Library. Still another task waa i^Iecting consign¬ 
ments of diiplicatcis for cicbsnge, es[ieciaUy with such universitjes 
as Brown, Columbia, Hervard, Pennsylvanio, Princeton, and Tale. 
And another was preparing the eihibition net of Smithsonian pub- 
liLations^y completing it and lisving many of ila volamea bound— 
for transfer to the shelves provided for it as an outstanding part 
of the exhibit of SiuitheoniaTii interesta in the ‘‘Diffusion of Knowl¬ 
edge*' room at the Institution And, finally, among other tasks were 
the following; Sending a large number of foreign documentu, which 
had come to light in course of checking tho surplus material, to the 
Library of Congress; eorting S,B00 or more reprirUa by subject and 
assigning them to the approprioto sectiooal libraries of the National 
Museum; carrying forward Uift inventorying of the technologi^ 
library, with revieioii of its catalog and shelf list, and the rearranging 
of tlie office library; and continuing, with ciccUent rwiilts, the work 
of Tcorganixing the library of the Bureau of Aiuericaii fltlmology. 


BlNDIKa 

Again, lack of funds seriouBlj Umited tlia libraries in meeting their 
binding needs. This was true in respect both to the thousands of 
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older serial volumes still standing unbound on the shelves and to 
hundreds of new ones added the last fiscal year. As it was, the 
library of the National Museum sent to the binderj- 800 volumes; that 
of the Astrophysical Observatory, 50; of the National Collection of 
Fine A.rts, 59; of the Freer Gallery of Art, 38; and of the National 
Zoological Park, 11—a total of 958, only about one-half the number 
of volumes completed during the year by these libraries. 

NEEDS 

First among the needs, then, is adequate funds for binding, to the end 
that the publications—some of them almost priceless now, in the light 
of the destruction that is taking place abroad—may be safeguarded 
for the permanent use of the Institution. 

Another need, which has become acute, is that of more shelf room 
for the collections, especially those of the National Museum library. 
Uidess this can soon be provided, it may be necessary to resort to the 
unfortunate measure of placing some of the less-used files in dead 
storage. 

And, finally, five new positions should be established, for the follow¬ 
ing; An ^istant librarian, to take charge of the acquisition depart¬ 
ment; a junior librarian and a library assistant to strengthen the 
under-staffed preparation department, especially the catalog division; 
a junior typist, to relieve the catalogers of much clerical routine * a 
messenger, to serve primarily the libraries of the Institution proper. 

Respectfully submitted. 

^ HjLiam L. Corbin, Librtsrian, 

Dr. C. G. Abbot, 

Secretary^ Smithsonian Institution. 


APPENDIX 11 

REPORT ON PUBLICATIONS 

Sib ; I have the honor to submit the following report on the publi¬ 
cations of the Smithsonian Institution and the Government branches 
under its administrative charge during the year ended June 30,1941; 

The Institution published during the year 16 papers in tlie Smith¬ 
sonian Miscellaneous Collections series, and title page and table of 
contents of volume 98; 1 annual report and pamphlet copies of 27 
articles in the report appendix; and 3 special publications. 

The United States National Museum issued 1 annual report; 19 
Proceedings papers, and title page, table of contents, and index of 
volume 86; 1 Bulletin, and 1 volume and 1 part of a volume of Bul¬ 
letin 100; and title page, table of contents, and index of volume 26 
of Contributions from the United States National Herbarium. 

The National Collection of Fine Arts issued 1 catalog, and the 
Freer Gallery of Art, 1 pamphlet. 

The Bureau of American Ethnology issued 1 annual report and 3 
bulletins. 

Of the publications there were distributed 126,837 copies,^ which 
included 66 volumes and separates of the Smithsonian Contributions 
to Knowledge, 32,031 volumes and separates of the Smithsonian Mis¬ 
cellaneous Collections, 24,022 volumes and separates of the Smith¬ 
sonian annual reports, 6,243 Smithsonian special publications, 52,170 
volumes and separates of the National Museum publications, 11,882 
publications of the Bureau of American Ethnology, 9 publications of 
the National Collection of Fine Arts, 3 publications of the Freer 
Gallery of Art, 16 reports on the Harriman Alaska Expedition, 12 
Annals of the Astrophysical Observatory, and 383 reports of the 
American Historical Association. 

SMlrnSONlAN mSCELLANEOnS COLLEOnONS 

There were issued title page and table of contents of volume 98, 
and 16 papers of volume 99 and 1 paper of volume 101, making 16 
papers in all, as follows: 

VOLUME es 

Title page and table of contents. (Publ. 3990.) 

' Tblfi dt>ea not Include tlie Brief Guide Co the Smltbgoiila.ii Institution^ the eotatog of the 
National Collection of Fine Arte, or the pamphlet of the Freer GaUerj of Art, 


123 



124 ANNUAL REPORT SMITHSONIAN mSTTrUTTON, 1641 


voLuu as 

No. 6. Tbs time conise of photoSTnthesis and fluorescence observed slmul- 
taneonsly, by E. D. McAlister and Jack Myers. 37 pp., 16 flffs. (PubL 359L) 
August 23, 

No. 7. A systematic classiflcatlon for the birds of the world, by Alexander 
Wetmore. 11 pp. (Publ. 3562.) October 10, 1640. 

No. 8. Hecent Foraminlfera from Old Providence Island collected on the 
Presidential Cruise of 1938, by Joseph A. Cushman. 14 pp,, 2 pie, (Publ. 3564.) 
January 24, 1941. 

No. 10. Coelenterates collected on the Presldeotal Cruise of 1938, by Elisabeth 
Deichmann. IT pp., 1 pi., 4 flgs. (Publ. 3595.) January 27, 194L 

No. 11. A new cephalopod mollusk from the Presldeatlal Cruise of 1938, by 
Helen C. Stuart 6 pp., 2 flgs. (Publ. 3596.) February 4. 1941. 

No. 12, Acarina collected on the Presidential Cruise of 1938, by G. W. 
Wharton. 8 pp., 4 figs. (Publ. 3597.) January 29, 194L 

No. 13. Euphauslacea and Mysidacea collected on the Presidential Cruise 
of 1938, by W. M. TattersaU. 7 pp., 2 flgs. (Publ. 3568.) January 31, 1641. 

No. 14. The male genitalia of Hymenoptera, by B, B. Snodgrass. 86 pp., S3 
pis., 6 flgs. (Publ. 8596.) January 14, 194L 

No. 15. Evidence of early Indian occupancy near the Peaks of Otter, Bedford 
County, Virginia, by David 1 Bushnell, Jr. 14 pp., 6 pis., 4 flgs. (Publ. 3801.) 
December 23, 1640. 

No. 10. New fossil lizards from the Upper Cretaceous of Utah, by Charles 
W. Gilmore. 3 pp., 2 flgs. (Publ 3602.) December 9, 1940. 

No. 17. Increased stimulation of the alga Stichooocoiii bacillarit by suc¬ 
cessive exposures to short wave lengths of the ultraviolet, by Florence Meier 
Chase. 16 pp., 2 pis., 3 flgs. (Publ. 3603.) January 10,1941. 

No. 18. Two new races of passerine birds from Thailand, by H. G, Delgnan. 
4 pp, (Kibl, 3605.) December 11, 1940. 

No. 19. Notes on Mexican snakes of the genus Oeophia, by Hobart M. Smith. 
6 pp. (Publ, 3629.) February 19, 194L 

No. 20. Further notes on Mexican snakes of the genus Salvadora, by Hobart 
M. Smith. 12 pp., 7 flgs. (Publ 3630.) February 21, 1941. 

No. 21. A new shipworm from Panama, by Paul Bartsch. 2 pp., 1 pi (Pubi 
3632.) March 31, 1941. 


voLtriD; 101 

No. 1. An Important weather element hitherto generally disregarded, by 
0. G. Abbot 34 pp., 11 flgs. (Pubi 3837.) May 27, 1941. 

SMITHBONIAN ANNUAL BEPOBTS 

Report for 19S9 .—^The complete volume of the Annual Eeport of 
the Board of Regents for 1939 was received from the Public Printer 
in October 1940. 

Annnal Beport of the Board of Regents of the Smithsonian Institution show¬ 
ing the operations, expenditures, and condition of the Institution for the year 
ended June 30,1989. illi-|-567 pp., 139 pis., 58 flgs. (Pubi 3555.) 
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The appendix contained the following papers: 

Is Giere life in other worlds? by H. Spencer Jones, F, B. S, 

Use of solar energy for heating water, by F. A. Brooks, 

The fringe of the siin: oebnUum and coroninin, by C» G- James* 

Oar knowledge of atomic nuclei, by G* P. Ham well, Ph, D* 

Spectroscopy In Industry, by George R* Harrison, Ph, B. 

Physical science In the crimenietectlon laboratory, by J, Edgar Hoover, 
Physical Interpretation of the weather, by Edgar W. Wbolard. 

Huriicanes Into New England: meteorology of the storm of September 21, 
1938, by Charles F* Brooks, 

Humanity in geological perspective, by Herbert L* Hawkins, D, Sc*, 
F* B. S*, R G* S* 

Geologic exhibits In the National Zoological Park, by B. S* Bassler* 

The stmcture of the earth as revealed by seismology, by Ernest A* Hodgson* 
Our petroleum supply, by Hugh D. Miser* 

Biologic balance on the farm, by W* B* McAtee* 

On the frontier of British Guiana and Brazil, by Capt, H* Carington 
Smith, R, m 

The sea bird as an individual: results of ringing experiments* by R. M, 
liockley. 

Birds and the wind, by Nell T* McMillan* 

Bookworms, by E. A* Back, 

The problem of conserving rare native plants, by M* K Feraald, D. a H, 
D, Sc. 

Plankton In the water supply, by FLorence E* Meier. 

Trichinosis in swine and its relationship to public health, by Benjamin 
Schwartz, 

Closing the gap at Tepe Gawra, by E, A* Spelser* 

Sun worship, by Herbert J* Splnden* 

The use of soaxistone by the Indians of the eastern United States, by 
David I* Bushnell, Jr* 

The modem growth of the totem pole on the northwest coast, by Marins 
Barbeau, 

Historic American highways, by Albert O. Rose* 

Modern trends In air transport, by W. F, Burand- 
The story of the Time Capsule, by G* Edward Pendray, 

Report for 19 ^.—The report of the Secretaryj which included 
the financial report of the executive committee of the Board of 
Regents, and which will form part of the amiual report of the Board 
of Regents to Congress, was issued in January 1941* 

Report of the Secretary of the Smithsonian Institution and financial report 
of the executive committee of the Board of Regents for the year ended June 
30, 1&40„ lx+115 pp*, 4 Ids. 

The report volume, containing the general appendix, was in press 
at the close of the year* 

SPECIAIj pobucations 

Brief guide to the Smithsonian Institution (fourth edition). 80 pp., 74 figs. 

(Publ. EU*) July 1, 1940* 

The Smithsonian Institution, by C. G, Abbot. 25 pp., 13 pis*, (Puhl. 3604*) 
January IS, iMl, 
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Explorations and field work of tlie Smithsonian Institution in 1940, 100 pp., 
100 halftone figs, (PnbL 3631,) April 3, 1941, 

FnBUCATIONS OF THE UNITER STATES NATIONAL MUSEUM 

The editorial work of the National Miiseum has continued during 
the year under the iminediate direction of the editor^ Paul H. Oehser 
There were issued 1 annual report ; title page, table of contents, and 
index of volume 86 of the Proceedings, and 19 separate Proceedings 
papers from volumes 87, 88, 89, and 90; 1 Bulletin, and 1 volume 
and 1 part of a volume of Bulletin 100; and title page, table of 
contents, and index of volume 26 of Contributions from the United 
States National Herbarium, as follows: 

MUSEUM HEFOBT 

Report on tbe progress anil conilition of the United States National Museum 
for the year ended June 30, 1940. 111+llS pp. January 1941. 

PBOCEBmRCS: TOLT7ME 86 

Title page, table of contents, and index. Pp. i-ix, 503-628. July 22.1940. 

TOtmiE 8T 

No. 3077. Further studies on the opalinid ctliate infosorians and their hosts, 
by Maynard M. Metcalf. Pp. 465-634, figs. 21-157. October 29, 1940. 

volume ss 

No. 3090. Seven new species and one new genus of hydroids, mostly from 
the Atlantic Ocean, by C. McLean Fraser. Pp. 575-580, pis. 32. 33. September 
13, 1940. 

VOLUME sa 

No, 3093. Two new aimraii ampbibiaDS from Mexico, by Edward H. Taylor, 
Pp. 43-47, pis. 1-3. August 13, 1940. 

No. 3094. The West American Maliotu^ by Paul Bartsch. Pp. 4^-58, pis 
6-8. August 15, 1940. 

No, 3095. Revision of the scarabaeid beetles of the phyllophagan sobgenns 
lA^trochelm of the United States, with discossion of related subgenera, by Law¬ 
rence W, Baylor. Pp. 59-130, figs. 1-13. November 15, 1940. 

No- 3096. The Cuban operculate land moilusks of the family Anuulartidae, 
exclusive of the subfamily Chondropomlnae, by Carlos de la Torre and Paul 
Bartsch. Pp. 131-385, 1-x, pis. 9-57. April 2, 1941. 

Ko. 3097. Seven new crayfisbes of the genus CamSarna from Florida, with 
notes on other species, by Horton H. Hobbs, Jr. Fp. 387-423, figs. *14r-22. 
November 23, 1910. 

No. 3098. Echinoderms from Greenland collected by Capt. Robert A, Bart¬ 
lett, by Austin H. Clark. Pp. 425-433, pis. 58, February 27, 194L 

No. 3099. A revision of the keyhole urcblns (McKita), by Hubert Lyman 
Clark. Pp. ^5-444, pis. 60-62. December 12, 1940. 

No. 3100. Eurhoptodes, a remarkable new genus of Philippine ciyptorhynchlne 
weevils, by Elwood C. Zimmerman. Pp, 445-448, fig, 23. November 1, 1940, 

No, 3101. The polyclad flatwonns of the Atlantic coast of the United States 
and Canada, by Libbie H, Hyman, Pp. 449-495, figs. 24-31. February 2T, 1941. 
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No. S102. New species of heterocerous motEs in tlie United States National 
Musemn, by William Sdiaas. Pp, 49T-61L March 6, 194L 
No, 3103. UtnofocHna^, a new fossil inadnnate crlnoid geniia, by Edwin Klrlc 
Pp. 513-^17, pL 63. February 28, 1941. 

No, 3104 A supposed JeHyflsb from the pre-Cambrian of tbe Grand Canyon, 
by It S. Bassler. Pp. 510-522, pi. 64. February 2T, 194L 
No. 3105. Notes on birds of the Guatemalan highlands, by Alexander Wetmore. 
Pp. 523-581. March 26, 1911. 

VOLUME 90 

No, 3106. New fishes of the family Callionymidae, mostly PhUippine, obtained 
by the United States Bureau of Fisheries Steamer Albatross, by Henry W. 
Fowler. Pp. 1-^1, figs. 1-16. April 8, 1941 
No. 3108. Syiioi>sls of the tachlnid flies of the genus Tachionmyia, with 
descriptions of new species, by Ray T, Webber. Pp. 287-304, fig. 17, June 30, 
104L 

No. 3111. The Chicora (Butler County, Pa.) meteorite, by F. W. Preston, E. P. 
Henderson, and James R. Randolph. Pp. 387-416, pis. 54-59, fig, 19. June 

17, 1041. 

No. 3114. A new genus of sea stars {Pl^saster) from Japan, with a note of 
the genus Parasterinaf by Walter K. Fisher. Pp. 447-456, pis. 66-70. June 

18, 1941. 

BULLETINS 

No. 100, volume 13. The fishes of the groups Elasmobranehil, Holocephall, 
Isospondyll, and Ostariophysi obtained by the United States Bureau of Fisheries 
Steamer Alhatrosg in 1907 to 1910, chiefly in the Philippine Islands and adjacent 
seas, by Henry W, Fowler, x + 3r9 pp., 30 figs. March 10, 1941. 

No. 100, volume 14, part 4 Report on the Echiuoldea collected by the United 
States Fisheries Steamer Albatross during the Philippine Expedition, 1907- 
1910. Part 2: The Ecblnothurldaev Saleniidae, Arbaciidae, Aspidodiadematidae^ 
Micropygidae, Diadematldae, Pedinidae, Temnopleuridae, Toxopueustidae, and 
Ecbinometridae, by Theodor Mortensen. Pp. idv, 1-52, pi. 1, figs. 1-3. Jtdy 
25, 19«i. 

No. 176. Life histories of North American cuckoos, goatsuckers, hummiugbirds, 
and their allies, by Arthur Cleveland Bent, viii + 506 pp., 73 pis. July 20, 
1940. 


CONTRIBUTIONS FROM THF U, 8. NATIONAL OEEBABIUM: VOLUME 26 

Title page, table of contents, and Index, pp. i-^xii, 531-554. March 6, 1941. 

fubucations of the nattonal collection of fine arts 

Catalog of American and European paintings in the Gellatly Collection, com¬ 
piled by R. P* Tolman. 20 pp., 11 pis. 1940. 

FUBLICATIONS OP THE FREER GALLERY OF ART 

The Freer Gallery of Art of the Smithsonian Institution. 8 pp., 1 pi 2 figs, 
1940. 
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PUBLICATIONS OF THE BUREAU OF AMERICAN ETHNOLOGT 

The editorial work of the Bureau has continued under the immediate 
direction of the editor, M- Helen Palmer* During the year the follow¬ 
ing Bulletins were issued; 

Bulletin 126. Archeological remains in the Whitewater District, eastern ah. 
zoii&. Part IL Artifacts and burials, by Frank H. H. Roberts, Jr. With 
appendix, Skeletal remains from the Whitewater District, eastern Arizona, by 
T. D. Stewart. xi+lTD pp., 57 pis., 44 figs. 

BuUetln 127. Linguistic material from the tribes of southern Texas and north¬ 
eastern Mexloo, by John R. Swanton, t+ 145 pp. 

Bulletin m Anthropological Papers, Noa 13^18. No. 13, The mining of gems 
and ornamental stones by American Indians, by Sydney H. Ball. No. 14, Iroquois 
snlclde: A study in the stabUity of a culture pattern, by William N, Fenton. No, 
15, Tonawanda Longhouse ceremonies; Ninety years after Lewis Henry Morgan, 
by William N. Fenton, No. 16, The Qulchua-speaking Indians of the PrOTlnce of 
Imbabura (Ecuador) and their anthropometric relatioos with the living popula¬ 
tions of the Andean area, by John GiUin. No, 17, Art processes In blrcbbark of 
the River Desert Algonquin, a drcumboreal trait, by Frank G. Speck. No. 18, Ar¬ 
cheological reconnaissance of southern Utah, by JnUau H. Steward, xli+368 
pp., 52 pis., T7 figs. 

REPOST OF THE AMERICAN HIOTORICAL ASSOCIATION 

Tlie annual reports of the American Historical Association aiB 
tran^itted by the Association to the Secretary of the Smithsonian 
Institution and are communicated by him to Congress, as provided by 
the act of incorporation of the Association. 

During the year there was issued the Annual Report for 1936 , volume 
2 (Writings on American History), At the close of the year the 
foUowing were in press: Report for 1936 , volume 3 (“Instructions of 
the British foreign secretaries to their envoys in the United States, 
1791 - 1812 ”) ; Report for 1937 , volume 2 (Writings on American His- 
tory, 1937 — 1938 ) j Report for 1939 , volume 1 (Proceedings): Renort 
for 1940 . ^ 

REPOBT OP THE NATIONAL SOCIETT, DAUGHTERS OF THE AMERICAN 

REVOLUTION 

The manuscript of the Forty-third Annual Report of the National 
Society, Daughters of the American Revolution, was transmitted to 
Congress, in accordance with law, December 9 , 1940 . 

ALLOTMENTS FOE FHINTlNQ 

The COTgressional allotments for the printing of the Smithsonian 
Annual J^ports to Congress and the various publications of the Gov¬ 
ernment bureaus under the administration of the Institution were 
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virtually used up at the close of the year* The appropriation for the 
coining year ending June 30,1942, totals $88,500, allotted as follows: 

Smithsonian Institution _ $16,000 

National Museum- 43,000 

Bureau of American Ethnology - 17,480 

National CoUectlon of Fine Arts-- 600 

International Exchanges- 200 

National Zoological Park- 200 

Astrophysical Observatory- 500 

American Historical Association- 10,620 


Total__ S8i 500 

EespectfuUy submitted. 

W. P. True, Chiefs Editorial Divwian. 

Dr, C, 6. Abbot, 

Secretary^ Smithaordan Imtitution. 











REPORT OF THE EXECUTIVE COMMITTEE OF 
THE BOARD OP REGENTS OP THE SMITH¬ 
SONIAN INSTITUTION 

FOR THE YEAR EXBET) .TUNE 30. mi 

T0 ifiA Board of R£ffcnie a/ ths SmUhjs&nian 
Ycfur ^^cculiTe nsftiwtfully submits th(^ following 

rfli>€}rt jri relation to the funds of the Smithsonian Institution^ 
gether with a stat^ient of the npprtiprlationa by Congress for the 
Government bureaus in the administrative chargH of tim Insstitution^ 


03 ifJTIiSONlAN fcNWWMFNT mXD 


Tho orJielnuL tKK]OL>Mt nf iamni limltbEOLi wav 1104,060 ^ Rd,— 
Kofiiadfl of Mflnry expcndcU tu proaMmtlas nf 
<iuiuu tralghta, liiimracico, otc., to*<?thcr wltli iHiympnC Into ibe 
Ctujd ot the sum of £Pp,ei^5, ^hlch had bevn wJibhold iliirini; tha 
Ufatlne of AlMdiimo dc In Bo tut, brou^bt the funrl re the nmnunr 
of fSGOLOOQ. 

SI nee the original bcqacel the InHtliotlon hue reoplrod ptfis fmiu 
TArlotiA Boaro^s chiefly La tbc ycant prior to ISO^ the Lucviue 
from which niny he tUteU for the fHienil work of the Xnstltutton. 

To Ihm gifts hna been added capiml from i^vlugi on Ineomep 
Cdlo fmni BulB of sccnrltlftfl;, err_, end they now etnnd on the 
books of tb# laHitllTiflon na follows: 


Avery, Robert S, and LjdU bcqqem fund-,_ 

EDduwEotmL fund, from glfta^ ler^mep etc,____ 

Ha bet. Dr. S., befinent fund____ ______ 

liechenbcrg, G«orge P. ntid Cnrannc, bequest fund__ 

Hamilton, James, heqTipjft _ _ 

Henry, Caroline, bequeat fund..___ _ 

nodgkltia, Tbomna 0 ., fund________ 

Parent fund. _______ 

Rbees, WlUInta Jotioa bequeat fnnd..^^.._ 

Sanford, Oeurge R, mEmorlal fond^_^____ 

WlUierApoDn, Ttaomua A., mpmorlnl fnnd . _ 

Special faail________.___ 


9^1,445.64 

fm.m 

4.I>14,06 
2,tKte,&4 
1, 210: 20 
l40,mLfl2 
72a fitW.OS 
1 . 005 Lt 2 

hm^m 

120. msQ 
1. moo 


Tatnl endowment for gcnemt work of ihe Inalltutlan _ 030. Sfi 

The Institution ho Ids aliwi a number of cadowmejit giftSt the 
iiwomb of each being restricted to specific use. The^c are invested 
and stand on the of tlie Institution m follows; 

Abbott. Wllllaju funa to the Iiiiit.ltiitioj —_ _0103^6^-30 

Anbur, Jnme^ fund. Inroinc ter iiivofitl^llgaa and study of Uie 

Aun and led are on the min _ __ _ 

Bacon, VIr]gtu1a Purdy, fund for a imrcUnir nrbolarahip to In- 
vevtlgmte fauna of eontiiTlc^ other thnni the nnUed SUitea^.^^ 6b,33i. go 
13fl 
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Bairdi Lucy H*, fund, for creating a memorial to Secretary 

Baird___ 

Barstow, Frederic D., fund, for purdiase of animals for the 

Zoological Park __,---- 764 93 

Canfield CoOection fund, for increase and care of the Canfield 

coilectioii of minerals----- -- 38,461, tl 

Casey, Thomas L,, fund, for maintenanee of the Casey collection 

and promotiou of researches relating to Coleoptem -- - - 9,223* 59 

Chamberlain, Francis Lea, fund, for increase and promotion of 

Isaac Lea collection of gems and mollusks-,----— 28,318*52 

Hillyer, Virgil, fund, for increase and care of Virgil Hillyer coL 

lection of lighting objects — ---- -— 6, 609.11 

Hitchcock, Dr. Albert S*, Library fund, for care of Hitchcock 

Agrostological Library--- 1,375* 68 

Hodgkins fund, si)eclfic, for increase and diffusion of mote exact 
knowledge in regard to nature and properties of atmospheric 

gjr _______ ___ _____ — 100, OOO, 00 

Hughes, Bruce, fund, to found Hughes alcove^ --—-— 18, 248.71 

Myer, Catherine Walden, fund, for purchnse of flrst-eiass works 
of art for the use of, and benefit of, the National Gallery 

of Art ___ — - — - - —-—-—— 10,062.41 

Pell, Cornelia Liyingston, fund, for maintenance of Alfred Duane 

Fell coUectlon— — --- - - - - -— 2,427*09 

Poore, Lucy T, and George W*, fund, for general use of the 
Institution when principal amounts to the sum of ^50,000 — 81,367,05 
Reid, Addison T*, fund, for founding chair in biology in memory 

of Asher Tunis-- - -- - - — —— . — 30,134* 19 

Roebling fund, for care, ImproTement, and increase of Roebling 

collection of minerals -- ---- - 121,359* 54 

Hollins, Miriam and William, fund, for Investigations in physics 

and chemistry__—---—-- - 99,903.23 

Smlthsoman employees retirement fund - - - —- -— 11,651*48 

Springer, Frank, fund, for care, etc*, of Springer collection 

and library__ _— -- - - -— 18,033* 47 

Walcott, Charles D* and Mary Vanx, research fund, for develop* 
ment of geological and paleontologleal studies and publishing 

results thereof-- - ---- -- ^ 

Younger, Helen Walcott, fund, held in trust----50,112.50 

Zerbee, Frances Brinckie, fund, for endowment of aquaria.- 765* 33 

Special research fund, gift, in the form of real es£ate_^- —20,946.00 


Total endowment for specifie purposes other than Freer 

endowment_ 326.76 

The above funds amount to a total of $2^09^63.01, and are carried 
in the following investment accounts of the Institution: 

U. S* Treasury deposit account, drawing 6 percent Interest—.^ — $1,000,000* 00 

Consolidated iuTestment fund (income in table below) —- - 1,093,301*51 

Miscellaneous special funds^-- —— -—..— 115,96L 50 


2,209,203.01 

430577—42-10 
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oallxht Of aet Ftnn> 


Early in 1906, by deed of gift, Charles L. Freer, of Detroit, piTe 
to the Tnstitijtion his collection of Chinese and other Oriental objects 
of art, os ireU as paintings, etchings, and other works of art by 
Whistler, Tliayer, Dewing, end other artiste. Later he also gave 
funds for the construction of a building to honso the collection, and 
finaUy in hia will, probated November 6, IfflO, he provided stock 
and securities to the eatimated value of $l,9&il,^1.42 as an endow¬ 
ment fund for tlio operation of the gallery. From llie above date 
to the present time these funds have been increased by stock divi¬ 
dends, aavings of income, etc., to a total of $6,080,586.91. In view 
of the importaiicB and fipectai nature of the gift and the requirements 
of the testator in respect to it, all Freer funds are kept separata 
from the other funds uf the Institution, and the accounting in 
respect to them is stated separately. 

The invested funds of the Freer bcqiteet are claasified as follows: 

Court anfl grcuiida ---- - -— ST3.BT 

Court and ^roimda DmlnCunmnCt fuiiiL— —- --- - IAS* SK. S3 

CpratoT tntid - - —-- -- .—- 587, flOT, 08 

RciSiiJuarsr Icgttey ____— -- — -- - 4|4S7i84&^0a 

TotaJ—^ ____-_-_ _ __ ___ 0>OBO,68®.01 


iimoiAiLT 

iDToated €fldoinnuiat Tor g:0ueiiil jnirpod&fl^.-^^--—-- 

Inrfatfld endcwmcitt for Ei»ect^ purpqaeo otb^ than Prew 
ms^t- _ ___ _ _ _ _ _ — - -- --- ^- SSt*ft2!fl.76 


Total ecdowmf^iit otMr Uma Fmr 2; 200', 288, 01 

Fr»r tnriwtAl endowment for fTieciOc purposes--- % (XSO, 01 


Total InrHted en^ownient for all porpoaea-^^- — 

ciaissmcATTON fir inykhtmehts 

Deposlt«l In tbe 3. Trea^ry mt 6 percent per aimtyai„ eg 
aoihoTlxed In ttao Unitea Siala BcatiiU^v aec, 6501_flp^pODOiOD 































fiBPOBT CF EX£CC>TIV£ CflUMlTTES 


m 


^tli-er than Freer exnJowiiient or miirket rploe 

Rt date i 

Bond^ (30 dllTereat gronpa)^, — --— - 54ST,4CC.20 

(41 iUffe^wnt froupa).^^— . -- OSa,TSJLtiS 

Real estate attd flnft-mortgBfB iiotes^^ — T1 t 241LOO 
TJnlnvtsLed capital — —-- -——~ flpTBT.lS 

T^tal luTeetm^tB otttfr Oiah Freer eflOuffMot-— — — ^ jH®, 3!03.01 
InTestmenta af Fr^r endownjent (owt w market valiiO At dftta 
aciplt]^) - 

Brttulrt (4S dl^er^t froups) -——- — $2.48S.OSS. 10 

Stet^ks ( TjT dun-nsit griiups) - ----— — ^ 

Roftl e4tlit4» flTHt-murlpif(? notea--— 0^000. (JO 

UMiiv^ted capital —---—- ^ 

-- - O^mEHLEl 

Total invdstmoota - - -- - — -8^ 230, S4&. 32 

CASH BMJiNC-lBj toCEi™^ AND Plf^Bi;7KHEJ«BNT« Dmi^^O mE FISCAL ’TEAK ^ 

bolanoer an lianil Juae 80* 1040^———----- ^ $3O]p0O6.6ffl 

BeceEpts: 

f^uii income' frfxa Tnrloua fOttrees for iipneml 

work Ot ms Inatlhitlurn- - -- $00,100.61 

Coih filftfl attd rtintrlbnUoiis expendable for 
apeclnl adoatlflc ol?J«ta (not to be tSTested)— 43,003.20 
r'HHii ^Up for HpeeEAl Bclcntyic work (la be 

Invested).-. --- 

CJasJi Income from endowments foi- aperiOc nae 
other then Freer endowinent and frojn mlacal- 
Inneona Hanroefl (ludndinB refond of mmr^T&ry 

advances)- --— -00,1^0.43 

Cbab recfdTed aa ro^aUlce from SnaltbaoniMi 

BdeotlflC 2?erlea_ _ — - —- 23^404-41 

Ckab cap!Nil from sale, of eecarlHcSt ebe. 

(to be relnTiwtfidl___ —— 15T, 12L07 

Total receipts other than Frmdr endowment^.. - 334,fill. SG 

Cash Uiconie from Freer endowment,,—, — 253,070.22 

Cash capital from caH of aecnrlUca, etc. 

(to bo relavcoted), — ——--1.000.852.2© 

Total reOelpUi fpani tVccr anilowanicnt™-^,,,^ -1,203,411, ^1 

Total___ _ ___2,07^BOC2.02 

B ThLi itAieawnt dMi Bvt laciijae (^T#rDiii«a[ app^pfiitloni imdir tbt idulnlitratiTt 
ekarEe nf the Isititatica- 
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Diaibaricim.'iit^: 

funds for ^n^'ra.l wotk of The" InstitTi- 
tion: 

Unl1dlD£B^care. t^poifs, mtd altomdotiS— |2,Sj£.3a 

Furniture end ^XLot^--18^ 43 

G€menil u^InlHlTutJuD V_ _ __- 34.1S4, 

library —__— 2*129.85 

FoblicnrlotiJi (cnmprlfllDi; prepan) Uun, 

prlnHufti nud dSfrtrlbiitloii^^_-_ 20,^^79^94 

RtscarcilieA flttd ftipIoruHoim___ 2Zf,T2D. T4 


I'Vum fuudo for sptclfle use^ other tbou Fieer 
£ndawmeut : 

iDYCSUaouts mode frotzi ^fte, from gnln 
from Will?* eic.. of «<Jurlitwt ntid frcin 

saving on Ittcomn - — 

OUier ex|i^d|tuTctf, eoualmlpi! InrRi^ly of 
reseiijrdb wor)E+ tnort-ftoo^ dOil care 

of speenil collsxtioiM, ot^r, from lueomo 
of endowmoa) funds, and from Oaob j^fU e 
for jFpedfic one (lucludioe fOmporsTy 

ranres} ---- --- 

RoinresJtuaoiit of tusb copita] from sale+ call 

of eerurlEltiir etc„— —-—^ — — -— 

of hDudHite «ccurltl<% foe of Lnv^t- 
mfftt connseL uud uccrued on 

bouda punmAsed-^_____ 


Front Freer Endowment: 

OpeTAtiug eipeoiica of tbc aolarteiv 

Aetd erpoiseii, elc--- 49, 19 

Purchase of art ebjoct H ■ ----_ U6^ TlD, 04 

rnrc«tni€i)ta umde from ^nlh from aule^ 

efctp of BecuriUoit---- l&,tr76.1IF 

HeKtireetmant of cooh capital from aalCt 

eoU of sBcuritics^ ctc-_ -—l^ i>4Tf5TT. 09 

Coat of ImudJlDg KcurlUcn fee of Suvedt- 
merit rouzuel, and uccrueil intercut on 
bemda purchaaed--—-- £9,986, Pit 


Cnab bulnnce IdOO % 1041^- 


20, 774. BQ 

9G,mM 

154,130,00 

2,090.^ 


¥<t,i4a01 


273, M3.01 


1,224.059.00 
m, 14L 14 


Tvtal - --- - - - - — S; 078,502.02 

^Ttila ibfiudM mMlmrj Of tht S«retarr ud cartaln otben. 

Included ia the foregoing lire e^n^wnditurea for rcBearchea in pure 
0cieDoe, pubDc&tiong, explorations^ caret increase, and etudj of col- 
lecdons, etc*j be follows: 

ElxpeadUiirea frum E^nerml funds of the Inatltulloul 

Fubllcationa-$20,378.04 

Keseiuubea and explomtlimB _ —_ _ 23,720; 74 


44,099.08 
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EkXpoiidJtLir^ fr™ funds dnsvfftcd to itpoclflc piir|>ws: 

BtiwnrchOA and i^iplutuUons^.---———- -1^0^87^,00 

C^rc, iourciLftc, aluit? of apcdfll ooUMtloiit.- ^4 KW- BO 

Piibllcatlws —..... 5i4T0.90 


S7J,m(10 


TOU.U-- . —---- m28T.28 

TLo practice of dcposituiff on time in local trust companies and 
banks kucL reronnes as may be spared temiKirarily has been cuntinncd 
during the past yeatt and interest on these depoeiU has amounted to 

$715,42. ^ .1. 

The Institution gratefully scknowlodgcs ^fts nr bequests from the 

foUoniag: 


Mrt. W. W. Uttlj, foT Smltlistnitdn eBdowmeut fund. 

Frlenda of Dr. Albert S. Sfa-hmct, for Ibe mtchwck Acnutoloeloftl 
Llbrdr^T* 

OoRtclin L, Poll, for Ibe PeU Col1«Hon. 

ftCHATob Corporailon. furllier MOtrllintioiM lor rf-senrch irt nnUallnn. 

ivbti JL no<>t>Hnff, rnrtUvr ooutribotloM for reaaiKh lu nAlatlaiL 

U. Nclaoti Slater, for tavesdeatlona tn cDnoccUva with early cotton ma- 
cLIaery. 

Julia D. Strong, for national Collection of Fine Arts, 

Mrs. Mniy Taiut tValeutt. for pnroliose of certain Biit-elainia. 

All payments are made by check, signed by tlie Secretary of the 
Institutiort on tlie Treasure of tbe UnUeti States, and all rev«utiea 
htt deposited to Llie credit of the same account. In many instfi-nces 
de^>oaits are placed in bank convenience cf oollectioH nfid later 
are withdrawn in round amounts and dei>osited in the Treasury. 

Tlie foregoing report relates only to the private funds of ilie 
Institution. 

Tlie following annual appropriaLiona were made by Congmja for 
tho Governnient bureaus under the administiiitive charge of the 
SmiLhskinian Institution for the fi«cal year IWl r 


General cxpeuscB, , —— ---- - -- |380t2a0.00 

(ThlflcoiaibiiftM under uue beudiit^ ttie api^r-oprlfltbrtit bmiofono 
ineiCe for BoUrlw aed ExpuDwa lotermtlonal T^ttmngvsi, 

Am^rlcaD Eianole|[T+ Aatnophyalcal OttfScrvn(ory^ and Xa- 
frjjmni CoUeetiaa ef Floe Art* of the Smltttsoulao laatltiitlon 
and for MaEatendnce and Operation of Gie Galted State* 


Natlnnal Mim-uis,) 

PTOcrvatlon of collBCdons------——-- C 27 + 4 ' 70.00 

Printing and Mndlng,,—-— - ——.——.- 73 > 000,00 

National Zoological —----- 23 ap 0 l 0-00 

Coopcratloa with tba Amuiican Republic* (tranKfer to tliB Smlta- 
aonlmni InffcltnttonJ------ m, 600.00 


-Total_ _ __ _ _ __ _ _- _1.3J®.140.00 
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The loport of the audit of t^e Smithsonian private foods is printed 
below: 

Stmrewnsa 9^ IMl. 

HiJHl PT lVF CaMurrm, Boaed ^ BialiETf, 

iSfftifhjfHUoM rnjfifu^fon, Z>. U. 

Sma: Pnraiuuit iio ve tuTa audit-e^ tlia acifxxiiitB of the SmlCh- 

aoplnn InaUttitloa for tha Ofual j^r June asd certift tbs balimcr* 

of c&Mh otj himl, liwlTidiiiif Petty Cnflih Ft)ad+ Jtin* 3£\ l®41^ to be 
We haTe veriflcd the rtcor^ d recdpte and disbiiiseiiiefitB mfllntalped by 
Uie luttUmtlon ADd tluj agwiuciit d the l»ek balnncea viOi the bimlE baloaoca. 

We ejtamlneil aJJ the flecnrlUtee la the eaetody of the InfltUutlon wnd Id 
the custody of the boukfl and found them to agree with the book records 
We hdve compared the utaied Ineeme of such aceurlUea with ilic r«celptf 
of record and found them lu a^rccmCDt therewith. 

We hare cxAmlued all TOuehcra cererlng dl^urscoiehte for accutiDt of the 
lualltutlOD darlne the flsefll jear ended June 1941, together with the au¬ 
thority therefor, and have cotnpared them with Uie loEiUttitloa'a record of 
expenditure^ and fooud Uietn to aireei 
We have explained eed verlded the aceouats of the Institution with eaeb truat 
fond. 

Wa found the books of aceonut and raounlA wall and accnrncely kept And 
tbs aacnrltlei convcnJcntlj bled and aernrely cared for^ 

All Luformation Peqnoatcd by your andltora wiu promptly aud cottrtcoiiaLy 
fnmlabad. 

We «rth^ the Balance Sheets In out opldlou, correctly pr^enta the fLnanclal 
coodltlan of tba InatEtntiaa as at June 30, IPU, 

ItecpcctfoIIy anhmltted, 

WlLLIAU li, YAsom, 
C^DTfl^ed Pubflo ilocu«alaat. 

Ri^peutfully ^btnilted^ 

Fkrderto a. IhruNO, 

Yawevam Bdsh, 

Exeauiive ConmittM. 
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ADVERTISEMENT 


The object of the Genee.\l Appendix to the Annual Report of the 
Smithsonian Institution is to furnish brief accounts of scientific dis¬ 
covery in particular directions; reports of investigations made by 
collaborators of the Institution; and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution from a very early date to enrich the annual 
report i^equired of them by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery^ as well as showing the general character of the operations 
of the Institution; and, during the greater part of its history, this 
purpose has been carried out largely by the publication of such papers 
as would possess an interest to all attracted by scientific progress. 

In 1880, induced in part by the discontinuance of an annual sum^ 
mary of progress which for 80 years previously had been issued by 
well-known private publishing firms, the secretaiy had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistiT^, mineralogy, botany, zoolo^, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 1888. 

In the report for 1889 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion* This method has been continued in the present report for 1941. 
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WHAT LIES BETWEEN THE STARS ^ 


By Wai^tee S. Adams 

Cameffie Institution of Waahingtant Mount WiUon Ohservulorpt Pasadenar Calif, 


[Wltb 4 plnt^] 

We are accustoioed to think of the material upon which the astron¬ 
omer works as consisting mainly of the sim and its planetary system, 
occasional comets^ and the vast array of stars and nebulae which dot 
our skies at night. In other words the astronomer is largely con¬ 
cerned with matter in a snflSciently condensed form either to radiate 
light like the hot sun and stars or to reflect light like the cool planets 
and satellites. In recent years, however, new information has obliged 
us to consider more seriously what lies between the stars, and it is 
this subject which I should like to discuss briefly with you this 
evening. 

In the first place it is mteresting to realize how much space there 
really is in our stellar universe and how little of it is actually occu¬ 
pied by the stars. If this room represented an average portion of 
space and we let a floating speck of dust represent a star, we could 
not allow another speck within the room to represent another star 
because no matter where we put it the two would be too near each 
other. The star nearest to the sun is about 25 million million miles 
away. Another way of realizing how much of space is compar¬ 
atively empty is through its average density. If we put together 
everything we can observe directly, such as the stars and nebulae, 
in the general neighborhood of our sun, and divide the total by the 
volume of the space in which it lies, we find for each cubic inch 1 
grain of matter divided by 1 followed by 22 ciphers. At the center 
of our gala^ the density is probably 10 times greater. These values 
may perhaps be in error by a factor of 10 but we need not feel the 
deep concern of the individual who thought the lecturer gave 1 
billion instead of 10 billion years for the possible life of our sun 
and was enormously relieved when he discovered his error. 

P. Morrison Lecture* Eepdnted by permission from PabUcattonB of the 
Astronomical Society of the Pnciflc. toL 53^ Ho. 312, April 1641. 
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Ifj at the turn of the century, a layman or even an astronomer 
had been asked what lies in the vast spaces between the stars he 
would probably have answered, ‘^Little or nothing.” There might 
be an occasional wandering mass of cold rock like an asteroid or a 
meteorite or specks of dust such as produce our ‘^shooting stars” 
when they strike the earth’s atmosphere; but in general, space was 
considered as essentially empty, with practically all the material in 
our galaxy condensed into the stars. 

About 1900 several observations raised serious questions regarding 
the supposed emptiness of space. The most important of these were 
Barnard’s photographs of the Milky Way which showed great lanes 
and holelike structures in the huge clouds of stars which compose 
this shining ring of light. To interpret these as real vacancies where 
no stars exist was the natural impulse, but gradually observations 
accumulated which made it impossible to retain this view. The 
‘‘holes” were too sharply bounded and in many cases were associated 
with visible cloudlike luminosity which veiled the region. Moreover 
the pi^sence of numerous long “tunnels” among the stars pointing 
toward the earth seemed altogether improbable. The final evidence 
was afforded by the photographs made at the Lick Observatory of 
the outer universes of stars, the extragalactic nebulae, many of which 
showed definite streaks of absorbing material crossing the main body 
of the nebula. The apparent vacancies were due to the presence of 
dark clouds of cosmic dust which absorb and scatter the light from 
the stars behind, either obliterating them completely or leaving 
them comparatively faint and mconspicuous. 

These cosmic clouds are composed of very finely divided particles 
of dust and are often of enormons extent, especially in the region 
of the Milky Way. When their thickness is great they blot out the 
stars behind them, and when thin they redden the starlight passing 
through them just as dust or smoke in the earth’s atmosphere red¬ 
dens sunlight, especially near sunrise or sunset when the path through 
the dust is long. The importance of these cosmic clouds in astron¬ 
omy is very great: they affect the brightness and color of every star 
whose light passes through them, and calculations of the distances 
of remote stars, the size of our universe, and the quantity of matter 
within it are all profoundly influenced by the absorption and scatter¬ 
ing of light in interstellar space. 

I shall not dwell longer on this most interesting question of dust 
clouds in space since many of you heard Dr. Seares give a lecture on 
this subject a few months ago on the occasion of the award to him 
of the Bruce Medal of the Astronomical Society of the Pacific To 
of you who may not have heard him I can recommend a 
reading of his admirable presentation of the whole subject in the 
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Piiblicfttimiis of tVie ilodcrn nbfserTfltions Vfitli bluo and 

red color filters sliow tho rcmarkabU degree to tchich the presence 
socb obscuring clouds iiMjdifioa tbo appeerance of j^nSHt areas of 
tlio sky, especially in the region of tlio sioutliein SliUty Way, and 
iUustmte the use made by aHtronomcts of the ponder of rwi light to 
penetrate cosmic dust. 

We nciw know at least three forms of solid matter in inter>!tBllar 
space. There are probablj dark stars, that la, starH with temperatures 
50 low that they give oot litUe or no risible light. If we knew 
where to look we might be able to detect some of them witlt sensitiTo 
heat-measuring devicej^—which will measure the heat given out by a 
candle at a distance of many miles—Imt iis it is wo con only infer 
llieir esistcnce. We know that in the descending scale of Htallnr 
temperaturo we find cooler and cooler Btatw until fijiolly we observe 
ubjectif which give out only a faint I'cd light. It seems reaHiuable 
to assume thnt tbeiw may bo many othera with still lower temperatures 
which have become invisible and are gradually approaching the con¬ 
dition of cold bodies like our planets or asteroid r. Tliej are piiobtibly 
small stara which liave gone tlirough the successive temperature stages 
of stellar devaloimicnt at a rather rapid rate, 

lo addition to tliesa occasionul dark stars theie are in the spaces 
between the viftiblo atni's great numbers of smaller masses of matter, 
“chunks" as Dr. Hubble has called llieni, such aa now and then fall 
upon the earth in the form of meteorites. They are cold bodies with 
Ihn chill of the depths of space upon tlieni, commonly ranging in 
mass from a few pounds to a few tons. 

Filially and moat important, we have the dust of space, often 
gathered into huge cosmic clouds which weaken or oveii blot oat the 
Stars Imlund them and giv« US much of tbs variegateil pattern of the 
Milky Way. 

ThsTO ia, liow'ever, another form in which we find matter existing 
in apace, matter not in the solid state but In tlie form of gas, consist^ 
ing of molfsculiis, atoma, and even portions of atnnus, the tiny eltw- 
trons of the physicist. Much of our knowledge of this subject is 
of very recent date, and becauw it ie new and because it is certain 
to aff^t our views of the conditions in interstellar space I should 
like to discuss it in a simple way this evening. 

This brings us at once to a consideration of a few elementary facts 
about the spectrum, for it is from the spoi^trum, that we gain easen- 
ttally all our knowledge of matter in the gaseous state. As you all 
know, white light is a mixture of several primary colors and the 
eye combines them into an impresedon which wo call white. Tite 
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spectrum is simply a map of the colors spread out into a band begin¬ 
ning with Tiolet at one end and passing through blue, green, and 
yellow into red at the other. It can be produced in several dif¬ 
ferent ways, the simplest of which is by a triangular piece of glass 
called a prism. When white light passes through a prism the violet 
part of the light is bent a certain amount when it comes out, the 
green a little less, and the red still less. The final result is a con¬ 
tinuous band of color estending from violet to red. You have all 
seen fiashes of such a spectrum when sunlight falls upon a cut-glass 
bowl or the edge of a beveled mirror. 

Now the important fact is that any chemical element, when heated 
to the point where it vaporizes and gives out light, gives it in a 
pattern of colored bright lines which is unique for each element 
and defines it absolutely. Some patterns are comparatively simple, 
while others are exceedingly complex. For example, sodium has 
relatively few lines in its spectrum and nearly all the light which 
sodium vapor emits is concentrated in two strong lines of orange 
color. These are so dominant that they define the color of a sodium 
lamp completely, as you all know who have ridden through the 
yellow glare of the street lights now in such common use. Similarly 
neon gas has its strongest lines in the red portion of the spectrum 
and hence neon signs are red to the eye, while mercury light with 
an exceedingly strong green line in its spectnun is predominantly 
green in color. On the other hand the vapor of iron produced in an 
electric arc has an extraordinarily rich spectrum consisting of some 
2,000 lines distributed throughout all the colors of the spectrum. In 
the absence of predominant lines of one color, luminous iron gas 
appears nearly white to the eye. 

One other fact should be remembered before we pass to our 
immediate astronomical applications of the spectrum. A hot, solid 
body or one consisting of dense gases gives out a spectrum which is a 
continuous band of color, not one of bright lines. When the light from 
such a body, a star for example, passes through a gas of somewhat 
lower temperature the gas will a^orb light of just the color of its 
characteristic lines, and we shall have a pattern of absorption or 
dark lines. For example, when the light from the filament of an 
ordinary incandescent lamp is passed through a slightly cooler tube 
of sodium vapor we see the two strong yellow lines of sodium as dark 
lines on the yellow background of light given by the filament. 

In astronomy we have almost a precise analogy to the filament and 
tube of sodium vapor. The body of the sun or of a star corresponds 
to the filament and gives out a continuous band of color, while the 
gaseous atmosphere corresponds to the sodium tube and produces the 
absorption fines. The principal difference is that the atmosphere of 
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a star like our suu contains not only sodium but a great variety of 
other elements and so we get not only sodium lines but an imm ense 
number of other lines as well—such as those of hydrogen, calcium, 
iron, and some 60 other elements. 

It is hardly necessary to say that the spectra of the elements, these 
characteristic patterns of bright lines which define them uniquely 
and individually, have been studied with extraordinary care by physi¬ 
cists and astronomers alike for many years. Maps have been made, 
the intensities of the lines measured, and their positions determined 
with an almost uncanny degree of precision. As a result astronomers 
know almost every element which enters into the composition of the 
stm and even the most distant stars, merely through comparison of 
the positions and intensities of the dark lines produced in their at¬ 
mospheres with the well-recognized bright lines of terrestrial 
elements. 

One other point should be considered. When we observe a star, its 
light comes to us through the earth’s atmosphere which is itself com¬ 
posed of various gases. These gases are cold and because they are 
cold remain in the form of molecules. Intense heat will break up 
molecules into atoms, and in the atmospheres of the hotter stars we 
find only the lines due to atoms. Molecules, however, can also emit 
and absorb light and give spectrum lines arranged in characteristic 
patterns, the principal difference from those produced by atoms being 
that molecules usually give an enormous number of closely packed 
lines arranged in the form of bands. As a result when we observe the 
spectrum of a star we find superposed upon it the bands of gases 
such as oxygen, water vapor, and carbon dioxide in the atmosphere 
of the earth, TTiese bands lie mainly in the red and infared portion 
of the spectruio. 

About 40 years ago two very narrow sharp lines were observed in 
the violet part of the spectrum of a star in the constellation of Orion. 
They were at once identified with well-known lines of calcium, but 
their positions did not vary periodically as did those of the lines from 
the star, and it was clear that they were not of stellar origin. They 
were called provisionally ^^stationary’’ lines, and Sir Arthur Edding¬ 
ton suggested the bold hypothesis that they originated in the absorp¬ 
tion of the atoms of calcium gas in interstellar space. Some 20 years 
later two more such lines were discovered at the Lick Observatory in 
the yellow portion of the spectrum. These are due to sodium and 
are the characteristic lines to which we have already referred. In 
1936, observations with a spectroscope on the 100-inch telescope at 
Mount WUson led to the discovery of several additional lines, a few 
of which were identified as due to titanium and potassium. By this 
time the interstellar oripn of all such lines had been fully established, 
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and through the work of Struve, of the Yerk^ Observatory, the in¬ 
tensities of the calcium lines were bfeing used as a measure of the 
distances of the stars in which they were observed- The greater the 
distance of the star, the greater the amount of interstellar gas through 
which its light passes, and the stronger the lines- Several broad h^y 
lines, apparently originating from interstellar gases but differing 
greatly in appearance from the normal sharp lines, had also been 
discovered by Merrill at Mount Wilson, 

Until recent months, accordingly, the situation was that the gases 
of calcium, sodium, titanium, and potassium had been identified in 
interstellar space but that the origin of several fairly conspicuous 
lines still remained unknown/ The identified lines all arise from the 
atoms of the elements, and naturally astronomers searched for identi¬ 
fications of the remaining lines in the atomic spectra of other ele¬ 
ments. This led to no success, however. The possibility was then 
considered whether the unidentified lines could arise from molecules 
instead of atoms. As I have already said, under ordinary conditions, 
molecules of compounds produce bands consisting of hundreds or 
even thousands of closely packed lines as contrasted with the simpler 
spectrum of relatively few lines arising from the atom. Under the 
conditions of interstellar space, however, with extraordinarily low 
densities and temperatures, the molecular spectrum might well be 
simplified and even reduced to a few observable lines. The suggestion 
that the broad diffuse lines observed by Merrill might have a molecu¬ 
lar origin was put forward by several investigators, and in the 
specific case of one of the sharp lines discovered at Mount Wilson a 
tentative identification with a line of the common hydrocarbon g^s 
CH was offered by Swings and Rosenfeld, An identification resting 
upon a single line, however, necessarily remained somewhat donbtfuL 
The next step was taken by McKellar at the Dominion Astro- 
physical Observatory. Applying to molecular spectra the principles 
derived from a study of some of the identified atomic lines, he was 
able to predict the positions of several additional lines for each 
molecular spectrum. Thus if the single relatively prominent line 
tentatively assigned to CH were correctly identified, there should be 
at least three other fainter lines present in another region of the 
spectrum. Similarly McKellar could predict the positions of certain 
lines of the familiar cyanogen gas CN. 

Hence the final solution of the question came back to the observer. 
Since the predicted lines were faint and narrow, it was clear that 
photograpMc plates of high contrast and fine grain must be used and 
that exposure times would be long. Fortunately a bright star was 
available, Zeta Ophiuchi, lying near the southern Milky Way. The 
lOO-inch telescope and a spectroscope 114 inches long were used with 
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i^posure times ol about 4 hours. Hip results were oonslusi^p^ Tiis 
predicted liniw of bjdrocarboii ga^ CH all appparfttl In their correct 
positions their calculated inteMsities. In the cose of cyanogpn 
^as CN, tha evidence is based upon fewer lines but is equally strong. 
Hence tlie eiistetice of the CH arid CN in mterstcllar ^ace 
njay be regarded as practically crertain. 

After thh brief description of how thepe dkcoverics wet^ made, a 
few commente iqjon the n^aning of the rcOTlta may lie of interest. 
In the iirtit placc^ wo have learned that several of the common ele* 
nipiib? axist in space in the form of atoma; Hodium. caleiumt potas- 
ritiniT and titanium have been hlentiJfiodT and it is very probable that 
iiiHny if not nil of the Others could be reciigniKed if only conditions 
were favorable for the ap|>parancH of their spectra. Tlieu wo have 

reoimtly found that two common gawes, or at least two slightly 
modified comnaon goses^ are |}ref=^t. cyanogen and hydrocarbon gaa. 
This is thR first discovery of molecules in interstellar space. ITiat 
hydrogenp the most aimndant element of all in the universe^ has not 
been dipcovetrd dkcetly is du& to tha fact Lliat the lines which it 
could show under the conditions present in space are iit an maccessi- 
hie part of the sped rum j and| like tlie lines of many other important 
elements, are out off by the ozone m the earth's atmftsphera, which in 
the words of Eussell ^lies like a bluet pall upon the draams of the 
aFtrophysicist/’ However, we do find hydrogen comhincil with 
carbon in hydrocarbon gas and thuF Imve ample evidence for its 
presence. 

Although tha lines of hydrocarbon gas are wcU marked and at 
least one of them is fairly coimpicuouSt it is the enormnufl length of 
the patli of light from the stars ratht^r than the densi^ of the gas 
which provides enough abHurbing molecules- Tha actual density is 
extraordinarily low* In a cubic mile of space there are probably 
only a very few thousand moleculoa; and when we remember tliat the 
diameter of a moleculo is less lhan one ten-millionth of an inch it te 
easy to see that very litLle of t]>e space is occiqiied. But if the path 
is long enought a good many molecules will be cncoimtrrwl by the 
light frnrn a distant star, and observable shsorption lines will result. 
tTir same reasoning holds true for lines originating from atoms such 
fls sodium and calcium. Dunham estimates that there on« Sfsdium 
atom III alxjut 2.5 cubic yards of epaus and yet in the spectra of very 
distant stars the interstellar hodium lines are conapicimus. 

A calculation by Bussell of the iLverage density of interstellar gas 
in general gives a valufl of about S preceded by S4 ciphers of the 
density of water. So great are the distances, however, that in th& 
volume of space whoee radius is equal to that of the nearest fixed 
star, OiB mflffl of the interstellar gaa amounts to about one-fourth 
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the mass of the sun. So if Tve consider the huge dimensions of our 
galaxy, the amount of matter contributed by interstellar gases is by 

no means negligible. v. ^ 

An mteresting and somewhat amusing subject is that of the tem- 
perature of these gases in space. We are accustomed to dwell upon 
the intense cold of outer space far removed from the heat of any 
nearby star and we are quite right in doing so. A thermometer placed 
in interstellar space would show a temperature of about 3“ above 
absolute zero on the Centigrade scale or about 455* below zero on the 
usual Fahrenheit scale. But this Is by no means the temperature of 
the atoms or molecules of a highly diffuse gas. In such a gas the 
effect of the radiation of a star which falls upon an atom is to drive 
out electrons, or, to use a technical word, to ionize it. It is the same 
process which happens when light falls upon a photoelectric cell: 
electrons are driven out and the energy of these electrons when ampli¬ 
fied rings a burglar alarm or opens a garage door. The electrons in 
space have a temperature depending upon the mean energy with 
which they are driven out of the atom, and when tiiey collide with the 
atom they raise its temperature. Thus the atoms and molecules of 
gas are lifted to a high temperature estimated at some 10,000* to 
20,000* on the Fahrenheit scale. The interesting feature about toe 
process, as Eddington has shown, is that it depends upon the quality 
and not the quantity of toe radiation, so that the temperature of a 
gas far in space will be just as high as if it were near a star. The 
rate of production of electrons will be slower but the temperature will 
not be affected. So we may say that we have two kinds of tempera¬ 
ture in space, one of space itself as registered by a thermometer, and 
a very different one for the gases, which through their remarkable 
structure are able to build up and maintain a temperature of thou¬ 
sands of degrees in spite of the bitter cold of toe medium which 
surrounds them. 

There is one other interesting characteristic of toe molecules and 
atoms in our interstellar gases. Under ordinary conditions such as 
in a physical laboratory they are in a wild state of excitement, flying 
about rapidly, colliding with one another and knocking off and 
picking up electrons in a fraction of a millionth of a second. In the 
extremely rarefied conditions of gas in space, however, the situation 
is quite different. Collisions are extremely rare and toe atoms and 
molecules can remain for weeks and perhaps even months in the least 
excited state which the state of their being will allow them to have. 
To use a homely comparison, if we touch a sleeping cat the cat 
responds with a a twitch of an ear or a leg which represents the least 
possible disturbance to its equilibrium. So the lazy molecules of 
space when disturbed by a ray of light or heat from a star seek to 
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move as little as possible from tbeir condition of rest and the spec¬ 
trum which we observe are those due to transitions of this sort. 
This is the reason why the complicated spectrum of a gas like cyano¬ 
gen, consisting of hundreds of closely packed linw, is reduced to a 
meager three or four lines when observed in interstellar space. 
These are the only lines which the molecule in its lowest state of 
energy can absorb. 

In this brief outline we have discussed the gaseous materiri of 
space, how it is studied, and what we know about its composition, 
temperature, and density. We have seen that three of the m(»t im¬ 
portant elements which enter into the composition of the universe, 
hydrogen, nitrogen, and carbon, are present in the form of compoun<^ 
and that others as yet unidentified are represented by spectral lines in 
the interstellar gases. If in most of our considerations we have had 
our ciphers on the left-hand side of the significant figures instead of 
the right, it is because we have been dealing with atoms and molecules 
instead of stars and universes. Even so, such is the volume of space 
that the mass of the dust and gas which lies between the stare may 
well exceed by several fold all the matter actually visible with our 
greatest telescopes. 
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ARTIFICIAL CONVERTERS OF SOLAR ENERGY^ 


By H. C. Hottel 

Maisachusetts Inilitute of Technology 


A study of the literature on solar energy utilization has convinced 
me of the existence of an unalterable tradition among speakers and 
writers on the subject. One must always begin such a discussion by 
expressing the earth’s reception of solar energy in units no one Ms 
thought before to use, the more startling the better. In keepmg 
with this tradition, I shall mention a few old figures and add my 
own. The earth and its atmosphere intercept the equivalent m 
enerW of 21 billion tons of coal per hour; 6 million tons per second; 
the equivalent in 3 minutes of the annual American energy consump¬ 
tion of about 1 billion tons; energy at a rate sufficient each year to 
melt a layer of ice 114 feet tliick; on an acre at noon the equivalent 
of the discharge of a healthy stream from a garden hose spouting 
fuel oil instead of water. 

Having made the conventional beginning, let me add what many 
of you know: that figures such as these are almost irrelevant to the 
problem of practical utilization of solar energy. They have attracted 
uncounted crank inventors who have approached the problem with 
little more mental equipment than a rosy optimism. Now, an in¬ 
formed pessimism is sometimes the healthiest mood in which to 
approach an engineering problem; and I want to use a little space in 
an endeavor to put you in that mood. Consider a solar power pl^t 
utilizing 1 acre of land, and operating on the principle of conversion 
of solar energy to heat in steam used to run an en^ne. There m 
incident at noon, normal to the sun’s rays and outside the earth s 
atmosphere, 7,400 horsepower of solar energy. On a clear day, of 
this quantity about 5,000 horsepower arrives at the earth. Allowing 
for the efficiency of collection of the sunlight as heat in the working 
fluid to be used in the engine, the quantity drops to about 3,300 horse¬ 
power. Utilizing the highest achieved efficiency of conversion of 
solar heat to useful power (results of Dr. Abbot’s experiments), the 


1 PrefieDted before the symposium on Solar Energy, Harvard Chapter* Sprlag, 1940* Be- 
priated by permission from Sigma Xl Quarterly, vol* 29, No. 1* April 1941* 
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horsepower output drops to 490. These calculations have so far all 
been on the assumption of normal incidence of the sun on the collector 
systems. To achieve this the collector must be mounted to turn with 
the sun and must be far enough from its neighbor not to shade the 
latter in morning or afternoon. Introducing a ground-coverage fac¬ 
tor of one-third to allow for this, the output is cut to 163 horsepower. 
But this fipre applies only to the hours when the sun shines with 
full intensity. Converting to a 24-hour basis of operation on clear 
days in summer in Arizona, the output drops to 83; or in winter to 
46 horsepower; or for the year to 68 horsepower. Passing on to the 
average year of New York weather, the output is down to 30 horse¬ 
power. Even if one stops at a reasonably attainable value of 50 
horsepower in Arizona, that figure is one one-hundrad-and-flftieth 
of the original 7,400 horsepower. 

For rough orientation as to the meaning of these figures, suppose 
the possibility of a 60-horsepower steady output from an acre in 
Arizona be accepted. To evaluate this power, let it be assumed that 
electric power can be produced in a large modem steam plant at a 
cost of 0,6 cents per kw,-hr., or $63 a kilowatt year, making the out¬ 
put of our 1 acre worth $1,900 per year. In the absence of knowledge 
of labor costs, maintenance, etc,, one can only guess the capital value 
of such an output. Capitalization at 15 percent is almost certainly 
overoptimistic, and even that yields but $13,000 to spend on the en¬ 
tire plant, or about $2.60 per square yard. Since the ground coverage 
m ut one-third, $8 are available to build eacli square yard of re- 
flectora, mounts, and accessories. The result is one so often encoun¬ 
tered in engineering projects: indecisive. It may be possible to build 
a p ant for such an amount; much more exact knowledge of perform¬ 
ance and costs is necessary than was at hand in making the above 
rough estimate. What I have particularly wanted to emphasize by 
IS prehminary consideration is perfectly obvious to the engineer, 
namely, that solar power is not there just for the taking! 

owever, this preview has at least indicated that solar power is 
not completely outside the realm of economic feasibility. It is worth- 
wlule, then, to examine in more detail the problem of use of solar 
energy y conversion to heat, a problem which has commanded the 
attention of engineers for three-quarters of a century. 

First, a moment on some elementary principles of heat transmis¬ 
sion. If a black metal plate is exposed to the sun, and cooling water 
IS run imder the plate fast enough to keep the plate from rising 
appreciably above the surrounding air temperature, substantially all 
the energy of the sun’s rays intercepted by the plate shows up as 
energy m the water; the efficiency of collection of heat is nearly 100 
percent, but the value of the heat is low because of its low tempera- 
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ture level. If the water enters 50® F. above the surrounding air 
temperature and flows through fast enough hardly to rise in tem¬ 
perature, there is the same interception and absorption of solar 
energy by the plate; but now much of it is used in keeping the plate 
up to temperature; it is lost to the surroundings by radiation and 
convection, and very little of the absorbed energy appears m the 
water stream. To improve the efficiency the losses must be cut down. 
There are several ways. The back side of the plate may be insulated, 
since it never sees the sun. Or a plate of glass may be placed over 
the metal plate and parallel to it, with an inch or so of air space 
between. Then the plate receives and absorbs almost as much sun¬ 
light as befoi-e—the glass transmits about 90 percen^-but the lo^ 
from the metal to the outer atmosphere are reduced: the convwtion 
loss because of the imposed stagnation of the air, and the radiation 
loss because glass, though transparent to the sun’s rays, is opaque 
to the long-wave infrared radiation emitted by the hot metal plate. 
Variations of this idea include the use of several glass plates and of 
glass vacuum chambers. Another method of cutting down losses is 
to reduce the area at which losses occur relative to the area of the 
interceptor of the energy to be collected. This may be done by 
choosing the most favorable orientation of the plate, that is, normal 
to the sun’s rays, or by use of a concentrating device, such as a mirror, 
which intercepts rays covering a large area and brings them to a 
focus on an object of much smaller area where the heat loss is 
consequently correspondingly small despite the high temperature. 

From this discussion there emerges a threefold basis of classifica¬ 
tion of solar energy collectors: (1) By nature of orientation of the 
collector (whether and how completely it follows the sun), (2) by 
amount of concentration achieved by mirrors, (3) by amount and type 
of insulation of the receiver surface. It is perfectly obvious that 
many of the early inventors and engineers in this field were familiar 
with these principles in a general way. 

One might now ask, “With all this work, have not the possibilities 
of energy production by conversion to heat been so thoroughly studied 
as to yield a definite answer?” Unfortunately, no. Qualitative 
familiarity with the principles involved, these men had certainly; but 
with the exception of the work of Dr. Abbot, their experiments and 
records indicate inadequate quantitative knowledge of the problem. 
As an example, consider the simplest possible collector, the flat plate 
insulated with several air-spaced glass layers. Willsie’s work at 
Needles in 1909 indicated the possibilities of this simplest of solar 
plants, but it left unanswered the question of merit relative to the 
much more efficient—-and more expensive—^plant of Abbot, and did 
not yield data permitting the design of such a plant for any given 
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dimate. A^ODg the projects at M. I. T. made po«sible fay Dr. God¬ 
frey Cabot’s endowment for researeh on utiliiation of solar energy 
IS one haring as fte first objective the detcimitiaLion of the perfurm- 
ance ebaractenstfes of solar energy collertora of different types, the 
perfannance, of wuree, being correlated with records of incident 
^lar energy so as to permit colctilatJons of expeetvi! iwrfonn&ncc 
m any locality where sunlight records are available. The Erst and 
so far the only of o>ll«tor studie^l bos been the flat plate, which 
Will now M conriider^d briefly. 

Since eacli additional layer of glass and oir cuts down the lossca 
from such a plate, it is apparent that with gla™ having perfect 
tronisniEsion one conld build a coUector wliich, without any focusing 
or concentrating device, would still collect efBcientlv at a very hicb 
temperature level. But the beat glass is not perfect. It i Wt al 

Hoib much solar energy when one picks the right glass-arid there is 
amp e evidence that early esperimentets were too casual in their choice 
o glaa in Oiat lespect^iut there is a refieetion loss of about 4 per- 
cen a each surface. Consequently, os glass plates are added the 
point 15 ultunaiely reached where tlie reduction in heat loss from the 
metal plate is more than offset by the reduction in Iiitensity of in- 
to reflection losses. The optimum numl«r of 

S intense the sunlight, more the 

colder the weather and the higher the temiienUure of collection of 

The controlling part ployed by reflection losses in the design of 
flat-plate coUeetura having been brought out, the desirability of u low 
reflcctmg glJMis was discussed with Professor Hardy, of our Physics 
Department. Ihe result was the invention bv Drs. Turner and Cart¬ 
wright of « loethod of piTHiessing ghi«, to ^ve it a permanent eur- 
toce of reflectivity approaching zero at one point in the spectruin 
I he proc^ l,as already demonstrated its importance in a great manv 
uses ranging from siJectadc lenses througli bomb sights to high-aneed 
CMieras and tlw solar-corona camera which was described in tho first 

fidd ?■ ^sample of a need in one 

held rtunidating research, the results of which liave many applica¬ 
tions m other fields. The epeciol gla^ bos not yet boon used fL an 

ite i calculations indicate that 

should make possible the attainment of temperotnrea up to 

flat-plate coIlecUirs b that of optimum tilt. 
Obviously tliey are too cheap a type of collector ^stem to warrant 
being mooted to foUow the sun, but they may profitably be tilted 

dMt« tlut the oiitraram Bit depcude very definitely on the m to 
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which the coUected heat is to be put If the objective is the max¬ 
imum collection during the entire year, tilting should favor the sum¬ 
mer season. If, on the other hand, the objective is to supply heat for 
a load which varies throughout the year, the tilt should be chosen to 
favor that part of the year in which the load is highest. 

As to tlie use of such collectors, it has already been indicated that 
one must find first just what they can do. But speculation is permissi¬ 
ble. One might visualize a large artificial lake with sloped sides 
formed by throwing up an earthen ring around a surface-scraped cen¬ 
ter, the bottom and sloping sides being surfaced with asphalt. Float¬ 
ing on this lake, which is, say, 20 to 40 feet deep, is an enormous raft 
covering it completely. On the raft is a layer of insulation, then a as¬ 
tern of flat-plate collectors. Forced circulation of lake water through 
the collectors whenever they attain a temperature above the reser¬ 
voir will produce a large body of hot water available for continuous 
operation of a power plant. The working fluid in the engine might 
be low-pressure steam or, to cut down engine size, a fluid which 
boils at lower temperatures. It is not possible to state at this time 
whether such an idea has possibilities. 

Another less ambitious use of flat-plate collectors might be that of 
house heating in relatively cold but sunny climates, or summer air 
conditioning. Some preliminary figures may indicate the prospects 
in tills direction. Consider house heating in New England, and 
take as a basis the furnishing of one therm of heat throughout the 
heating season—100,000 B. t. u.: the heat obtained by burning 1 
gallon of fuel oil with normal efficiency of combustion. If 1 square 
foot of flat-plate receiver covered with three plates of glass and 
tilted 40° southward is operated in connection with cubic feet 
of water in a well-insulated tank, and the water is pumped from 
the tank to the receiver and back whenever the receiver is hotter 
than the tank, the combination will supply all but 15 percent of the 
100,000 B. t. u. required during the season; the 15 percent has to be 
supplied as auxiliary heat in December, January, and February. 
The value of the heat saved is the cost of 0.85 gallons of fuel oil, or 
about 6 cents. Capitalizing this at 6 percent gives only $1 available 
to be spent on the roof collector and tank. This is plainly not enough, 
but the answer is interesting because we have not determined the 
optimum number of glass plates, or tilt, or ratio of roof to tank 
area, or considered the possibility of some day having treated glass of 
lower reflectivity. More particularly, the idea looks mteresting for 
localities where the ratio of winter to summer sunshine is somewhat 
more favorable than in Boston, and the winter heating requirements 
somewhat lower. According to a recent publication of Dr. Abbot’s, 
Dr. F. G, Cottrell has proposed a somewhat similar storage system 
in which sand is to be used instead of water. Whether the ad- 
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vantAgcs of low-cost uistallAtion aiid iibility to store heat at a hi^er 
temperuttire iFould be offset by the disadvantage of lovrer efllcietioy 
of coUection is a point requinng study. 

Whether the use of flat-platc colicctors together with a storage 
system is economically po^ible for house heating or air conditioning 
in certain areas of the earth, whether other types of collector will 
prove cheaper for these uses or for power generntion, whether power 
generation from solar heat demands tlia development of a new 
heat-engine cycle, and whether power generation by any process 
dependent on direct conversion of sunlight into heat with consequent 
unavoidable losses due to the clegrudaltun of energy is sound—theso 
are questions which it is hoped this progiam wiU help to anstver, 
Begardless of the result, tlia present considerable and increasing 
importance of wdar heat for hot water in certain parts of this coun¬ 
try indicates the nceil for a comprehensive study of the factors 
involved In the design of collectors. 

Now to come to a second project, related to the one just dis¬ 
cussed. Conventional heat-power plants are characterized by a cost 
of power production depending enormoHsly on the capacity of tlie 
plant; and we have seen that solar power does not now look very 
ultructive when eompured ta large-scale operation of steam plantx. 
If, On the other han^ it were possible to operate small solar plants 
with an efficiency comparable to large ones, the comparison with 
fuel-fired jdants might lead to soma very differont conclusions. 
So far os the collectors of the sunlight are concerned there b little 
indication that the cost should be other than proportional to the 
amount of collector area. If then it were possible to devise an 
engine with moderate efficiency even in small units, une might have 
something worthwhile. The second project is, in effect^ a study 
of a type of engine which may have just such des.lr(K] charocteri^ics. 
When two diesiinilar conducting materials are joined to form a 
loop and the two junctions are kept at different temperatures, heat 
ffows into the loop at the hot junction, a portion of its energy is 
^verted to riecljicAl energy and the rcat flows out of the cold 
junction as heat. The phenomenon involved here lias itself long 
bean known: many in veHtigatore have been led to speculate upon it 
as a po^ibility for large-scale tberiRoe1ect.ric power production, but 
tlien to dismisa it as unimportant because the affect is small. Of the 
early eaperimenta in this field, the best yidded an over-all efficiency 
of conversion of energy from gas to electricity of only 0.6 percent. 
Consequently, until recently, (1m sole use of the phenomenon has been 
in the measurement of temperature. 

In trying to better these results, one naturally asks, first, the ques¬ 
tion “ What properly must a metal or alloy have bissides high thermo¬ 
electric power if it is to be of interest for beat-power genetationP 
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Plainly, the material should hate a low thermal conductiTity to 
mininiisfi the loss of heat flowing from the hot to the cold iunction. 
Moreorerj the elactrical conductivity ehoiild bo as high aa possible 
in onler Hot to dissipate an excessive amount of electrical energy 
as heat within the "engine.” The ratio of the two quantities thermal 
conductivity to electrical conductivity, ia known as the Wiedemann- 
Franx ratio; and it lian just been shown that this ratio should be 
as low as possible. A correlation of data from the literature and a 
consideration of theoretical limitations indicate a sort of conspiracy 
un the part of Nature to prevent the finding of ^y material with 
a Wiedemann 'F ran X ratio less than a certain minim utn value. A 
study of the properties of zLne-antiinony alloyB indicates that the 
thermoelectric power is a mammum for an alloy containing 36 per¬ 
cent zinc, but that, owing to llie extremely abnormal value of the 
Wiedemann-Franz ratio in this alloy, there ia an advantage in use 
of an alloy containing 43 percent sdne, since the ilienai^ectric power 
of such an alloy is aiaiost as good as the best, and the Wiedamann- 
Fran?; ratio is very much more favorable. 

An 'Angina” conaisting of on alloy of ainc and ontunony contain¬ 
ing 43 percent zinc n gainst the alloy copel has lieen found to produce 
a 6 percent useful conversion of heat to electrical power in the 
external circuit, when tlie temperature difference of the hot and cold 
fund ions of tlie system is maintained at 400^^ C. To the layman 
this may not sound very impoHing, but it is to be remftmbered that 
S5-tien:ent efficiency b attained only in the best of modem steam 
power plants and ^at S percent would not be considered bad for a 
small engine. Moreover, It is to be remembereii that a great many 
allojB and compounds exist, the thermoelectric properties of winch 
nro unknown, that it is not inconceivable that further study of the 
problem may produce a matBrial increase in efficiency in this kind 
nf an engine. With such an idea in mind, thare has been initiated 
at M. I. T. a program of study of the thermoelectric propertici} of 
various compounds and alloya. The work is in too early a sta^ to 
justify consideration at the present time. 

So far in this discnssion only the so-called beat engine has been 
considered as a means of conversion of solar enicgy to useful power. 
The term, to an engineer, means a device which receives energy as 
heat at a certain temperature, converts part of that energy to useful 
power and throws away the rest to a so-called heat sink at a second 
lower temperature. That this di«cueaion was ecncccned In the first 
instoncB with the use of steam in the engine and in the second in¬ 
stance with the use of a theitnocowple for conversion to power ie 
immaterial; in each cshc the first step has been the conversion of 
solar energy to heat. Now, there is available to tlie scientist and 
engineer a powerful tool, known os the second law of thermodynam- 
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ics, that pemits him to apprnisB the poeslbilitlea of the heat engine; 
and it tells him, f»r exiunple, that the enormous reBerroir of heat 
which the earth's atmosphere constitutes is nut nvailahle for use in a 
heiit engine. This saine second Jaw of thcrmodjnaiiucs states that, 
in the act of collecting sunlight and converting it to heat at a lower 
temperature level, a degradation of solar energy bos occurred; the 
energy has been made less available for conversion to pnwnr even 
though none of it has been lost; and no process—^no matter how 
clever the inventor—can restore the energy to a form as intrinBically 
useful as when it arrived here as solar energy just before its conver- 
ainn to heat- 

In consequence of thia important limitation on what can be ex- 
pect«l Ro long AS one's interest is restricted to heat engines, it is 
appropriate to consider other means of conversion of solar energy to 
power which do tint involve as a first step the collection of the energy 
HB heat, but which instead make use of I he special nature of the 
energy aa it arriveH. Solar energy reaching the earth consists of a 
jumbled mass of radiations of wave lengths vnrying from tlie Hhurt 
ultraviolet through the visible spectrum and out into the infrared, 
roughly one^third of the total energy lying in the visible specLruin. 
The rodiation might. Iw likened, if the analogy is not pushed too far, 
to a shower of bullets—unit quantities of energy, known as quanta, 
each of a particular wave length. The quanta of shortest wavo 
lengths have the greatest unit energy content; and almost two-thirds 
of the total energy consists of relatively impotent quanta in the 
infrared. If, instead of pouring all tbeee quanta into the funnel of 
a heat engine, they are given a chance to almw their individuality, 
what are their specieltiofif One, of particular intereist to us at pres¬ 
ent, is tho phenomenon photoelectricity, the ability of liglil quanta 
of certain wave lengths to knock electrona out of atoms or atomic 
latt ices in ciystals and produce an electric current. 

Many of you have encountered this phenomenon in using that tyi« 
of camera expossro meter which indicates on a dial the intensity of 
illuminatioii. Light is there being converted uito electrical energy 
which is in turn used to make tlie galvanometer noodle move. The 
light-eensitive unit of such a device is one of two kinds, each referred 
to as a blocking-layer photocell. Tlie copper oxide cell is typical; it 
consista nf a massive plate of copper which has been oxidized on one 
face and then etched, to produce thereby a layer grading from 
cuprous oxide through all projmrtions of oxygen down to pme cop¬ 
per. The cuprous oxide surface is covered with a thin film of an- 
o^er metal, su thin as to be traiieparent to light quanta. There is 
thus p^uced a sandwich in which the outer layers are metal ami 
the inRide layers consist of material graded in ciiaractcr in a direc¬ 
tion normal to the surface. If a quantum of viaible light strikes 
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the dun metal cover of the cuiiroiis oiide, it paesea through th^ and 
through tlie cuprous oaitle layer, penetrating to some j-Kiint m (he 
structure where the compositian lies between that of cuprous oxide 
and copiier (the scM^alled blocking layer); and there the quantum-- 
the bullet of energy— suooeedB in knocking out an alcctron from the 
crystal lattice. The electron, being liberated in tarritory whore ^e 
view depends nn which way it looks, finds, in gimemi, that the gen^ 
18 easier when it migtates toward the topper rather than through the 
cuprous oiide to the other mebd film. This piefercntial movement 
of the electrons in one direction constitutes an electric cun^nt. 

How important is this plienomcnon for power gcLcratiou from 
aunliglitf Testa on copper oxide photocells indicate that of the 
visible light quanta falling on such a cell only about 5 percent suc¬ 
ceed in causing an eleclitin to show up in the external electric circuit, 
that, furtherniore, the voltage efficieocy of the system is only about 
10 percent, with a consequent over all efficiency of convei^ion of 
luminous energy to power of one-half of 1 percent. Preliminary 
calculations indicate that a tenfold increase in this efficiency would 
make copper osidc cells intcreatiiig for solar power production; ^d 
there is no present reason to bsliove such an a^mplkhmcnt im* 
possible. It b not eaey, however, for tlva plij-aicist doesn't really 
know inst what goes on in the blockiiig layer of tlie photocell. 
Clearly the problem is one which demands a fundamental study com¬ 
pletely divorced from any present considerations of a practical nature. 
Such a project has been iiddated in our Electrical Engin«ring Depatt- 
mont ill connection with a broad program of study of insulators and 
Bcnaiconductore—the cuprous oxide of our photocell is such from the 
atoiriphygical viewpoint, Tlie problem is really one of atudyitig the 
laws of motion of electrons in scmiconductorB; the effect of cryatal 
vemis amorphous structure; of crystal structures in which there is 
strong ionic binding, such oa sodium cldorida versus crystal struc¬ 
tures in which the bonding is atomic, as in sulfur; the effect of tem¬ 
perature on ootiduction and break-down in insulators; the offset of 
an of one of the cinuponents of a ciystaUina compound present 

in the CTystal. When tlw nature of the migration of electrons in 
semiconductors is bet tar understood, when their interaction with the 
lattice Btnictiire is able to be formulated quantitatively, then one can 
attack with some hope «f success the difficult barrier-layer photocell 
pruhlem. Whether such an attack succeeds or not, the knowledge 
acquired in the course of the problem la certain to be of enormous 
value in a field of great practical importance, insulation research. 

I come now to the last of the M. I, T. solar-energy projucLs, one 
which likfl the previous one depends on the special properties of 
sunlight rather than its over-all energy content. Dr. Thimanii 
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pointed out in his contribution * our complete dependence on the proc¬ 
ess known as photosynthesis: the use by green plants of solar energy 
in the visible spectrum to produce carbohydrates out of carbon doxide 
and water. He also emphasized the extreme complexity of the proc¬ 
ess—^the fact that no one has been able to extract the essential 
chlorophyll and carotenoids from a plant leaf and make the reaction 
go in a test tube. By some process, which we have hardly begun to 
understand, the leaf structure succeeds in capturing the energy of 
sunlight and transferring it to the reaction; carbon dioxide-l- 
water=carbohydrate+oxygen, a reaction absorbing 112 kilocal¬ 
ories per gram atom of carbon. But to store solar energy chemically 
one does not have to carry out the same reaction that nature does; 
any chemical reaction which absorbs energy and produces a fnellike 
product capable of later combustion to return the energy for use at 
the proper time would be acceptable. Chemical industry has often 
succeeded in competing with nature in the production of a material 
of desired characteristics, not by attempting a complete imitation of 
nature, but by focusing attention on those properties of the natural 
material important to its use and imitating them with a synthetic 
product, perhaps chemically quite different from nature’s product. 

In the photochemical field, then, a combination of sensitizers and 
catalysts might be attempted that would allow us to perform some 
relatively simple energy-storing reaction such as the decomposition 
of water. A major problem would be to provide suitable inter¬ 
mediate steps in the process in order that the relatively small energy 
quanta, which constitute visible light, could be used in stepwise fash¬ 
ion such as nature apparently uses them in the photo^thetic ap¬ 
paratus of green plants. The photochemical system would probably 
have one of the characteristics of the photochemical system of the 
plant, namly heterogeneity. But the heterogeneity might be accom¬ 
plished not by constructing some sort of imitation leaf, but rather 
for example, by a colloidal solution. 

Another approach to the problem is possible. We may renounce 
the production of metastable products or mixtures with a high con¬ 
tent of chemical energy—^fuels or explosives—^and turn our attention 
to the utilization of the energy of the unstable intermediate products 
obtained in almost every photochemical reaction. Among the ways 
of utilizing these products is to convert their high energy content 
into electrical energy. A reaction must be found in which passage 
from the unstable to the stable state can be made to proceed as an 
electrode reaction in a galvanic cell. Examples of this kind are 
oxidation-reduction reactions in electrolytes. The properties of such 
a reaction, carried out in what is known as a photogalvanic cell, are 

.V” I. g.m., 
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being studied at the Institute. The system chosen consists of an or¬ 
ganic dye, thionine, and ferrous iron in the form, for example, of a 
ferrous sulfate solution. The two components form in the solution 
a reversible oxidation-reduction system. 

(dyestufO+Te"*^^ leukodyestuff-!-Fe+++ 

T 

(colorless) 

Ferric iron is a much stronger oxidizing agent than thionine; there¬ 
fore, in the dark, all the thionine is in the form of the ciye, and all 
the iron in the ferrous form. If, however, the mixture is illuminated 
by the light absorbed by thionine—i. e., visible light in the region 
5000-7000 A. (green, yeUow, red light)—the thionine molecules are 
activated by light and become capable of oxidizing ferrous iron. 
Since the reduced thionine is colorless, the reaction is recognized by a 
decoloration of the solution. This bleaching proceeds to a steady 
state, whose exact character depends on the intensity of illumination. 
In this state, the velocity of the photochemical bleaching reaction 
is exactly compensated by that of the back-reaction restoring the 
equilibrium. As soon as the light is switched off, the system reverts 
to its original state. 

Experiments have been conducted on the kinetics of this interesting 
photochemical process, using a photometric method for the determina¬ 
tion of the concentration of the dye under different conditions. Of 
more interest in the present connection is the electrochemical effect of 
light in the thionine-iron system. As the composition of the solution 
changes through illumination, its electrode potential is also changed; 
if two platinum electrodes are placed in the solution and the electro¬ 
lyte surrounding one of them is illuminated while the other is kept 
dark, a potential difference is established between the two electrodes 
and a current flows from the dark to the illuminated electrode. 
The problem of the photogalvanic effect demonstrated by this experi¬ 
ment has two elements: the first and simpler question is that of the 
electromotive force produced by a given illumination; the second is 
that of the current that can be drawn from such a photogalvanic 
cell. 

So far, experiments have been concerned with the first part of the 
problem. The photogalvanic potential of the thionine-iron system 
has been measured m relation to the concentrations of all the compo¬ 
nents and the light intensity. A pronounced maximum of potential 
is found at a certain concentration of the dyestuff, and a strong in¬ 
crease in effect with decreasing acidity of the solution. From such 
experiments, it has been possible to develop a quantitative picture of 
the photogalvanic effect in satisfactory agreement with the experi¬ 
mental results. The next step is a study of the factors affecting cur- 




162 AK7TOAL aEFORT lNSTTTOTI<>^^, 1^41 


ttitit ivjLhiliuwal Injuii fiui:h a devic:^^ u pha^ cjf Ihn jirograni whidi 

has just commcDccd. 

Ah tn whi^Uier plioUjgulvanic celln wf thiB or eiinilar type® bare 
practical importance as solar energy eonrertars it k too early to 
liEiKard an opiiiioti- Certainly their study hag the merit of presenting 
problems in photochemistry ^hich, while complex, are not so examples 
as to defy analytical treatment. In that req?eet they satisfy the 
condition which the seientist has learned to InipD^a on Inmgelf, namely, 
not to agk qiiestioJi® of Nature which are so difficult that he eoimot 
yet begixi to understand her answer. 

In anmmary, I have tried to point out that the beat-known method 
of utilizing solar energj* by artificial ineariB is the rektively simple 
one of lirKi converUng the energy to hcatj that, today, ejigineering 
data are inadequate properly to determine the value of such heat, 
whedier for conventional nm as heat or for conversion to p<>wer; 
thatt if heat is couverted to power, ai*o Hmited in possiblo effieienev 
by the s^econd Jaw of thermwlynamics; that consequently it is necessary' 
to turn to the fields of photochemistry and photoelectricity where 
theoretical limitations on expected output are leiiH severe; that m 
turoing to there fields it is found that the problems which arise are 
of so complicated a natun! as to point plainly to tlie need for a long- 
range program of research into fundamental phenomena, research 
divorced almost completely for the time being from any considera¬ 
tions of a practical nature. To sunmiaHze this summary, wifji rrgpect 
to the future of solar energy utilizatian, your gUMi is as good as 
mine. 
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THE NEW FBONTIEKS IN THE ATOM» 


Dt iSKMisn O. l»&win;»CK 
The UitiverM^ of CflU/omto 


twflh 0 ptat«a] 

Tho anniversary celebration of a great imiveiwjty is indeed an 
itniiortiini oocasion, and it is appropriate to aign&lizc the event by a 
symposium os ‘‘The University and the Futore of America," for a 
A great institution of leoniiDg is eternally youthful, and youth looks 
always to the future, I am greatly honored to be included in this difi- 
tinguiehed gathering, and it gives me especial pleasure to join in wMi- 
ing our sister institution many happy returns. 

In a discusidoii bearing on the future, the scientist is alwa]rs in some- 
thing of a dilemma. On tlie one hand, he is cautioned to make only 
very limited prognostications, for he ha« lea rued the very Umited 
region of applicabilit}' of esixtlng knowledge and the likcUhood of 
error in 8t)ecu1ation. On the other hand, he feces the future witli eager 
excitemeut and curiosity about what is beyond tlie present frontiers 
of knowledge, and he is naturally tempted to speculate and indeed 
til indulge in day dreams. Perhaps I may convey something of what 
is in the minds of physicists tliasn days by a brief discussion of some 
recent developments of the current intensive attack on the new f router 
in the atomic world—the nucleue of the atouL 

AT0JI8 

The atomic constitution of matter has long been a keystone of 
natural science. At the beginning of this century it was a keystone 
in a structure having ae pillare Uie principles of the coDservation of 
energy and Uie indestructibility of matter. In tlie nineties, it wa» 
almost axiomatic to say that the building blocks of nature arc the 
atouis—indivisible, indestructible entities, permanent for all time. 
But the discovery of radioactivity altered all this. There followed 

^ Aa H^dmi 43H^ilirrr#d aI ihA on “The Dslvcr^t^ und the Fotum gf Aigrrlcan^ 
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the discovery of tlie electron and the proton es Emiiller &iitl more 
funilamental constituents of roattet and the atom itself became the 
happy hunting {ground of the experimental pliyaicist. Atonuc physics 
developed rapidly; for the atom was found to be a domain of almost 
incredible richmisK, and today, thanks pethiijia to tlie newspaper^, 
our children speak kDowingly (tf eanashing atoms! 

To explain the wonderful phenomenon of radioactivity, Eutherford 
ciuiiH forward in l&Oi with a revolutionary hypothesis which reduced 
the complicated and mysterious observations of rsdloaotivity to simple 
itrder. According to Rutherford, nut alt of the utoms have esisUsd 
for ages and will exist for all time, but there are some atonw in nature 
that are energetically unstable ntul in the course of time, of their own 
nccordi blow up with aiplosive violence. These are the natural radio¬ 
active substances, and the fniginetite given off in the atomic expIoeioiiH 
are the observed penetrating rays. 

It was not long before Rutherford’s hyputlia^ia was established as 
a low of nature and formed a greater keystone, replacing the chem¬ 
ists' conception of the atom and serving as a foundation for a new 
science, the science of the atomic nucleus. 

Time docs not permit an adequate hiirtnricRl r^suuiS of the develop¬ 
ment of nuclear physics, but for the present purpose it is suiSeient 
to say that the ideas of Rutberford and Bohr on tiio structure uf 
atoms are now firmly established. There is an abundance of evidoncG 
that an atom consuts of a nebulous cloud of planetary electrons 
whirling about a very dense sun, the positively chargi^ nucleus, 
and that it is in Uiu nucleus that the atomic cxplosiona of radidactiv- 
ity occur. Indeed, our asnirance that lIuh Lt so rivals tmr ooufidctice 
that the planets revolve about the sun 1 

ATOUIO NUCIJIUS 

Let us now proceed loimediatcly to a consideratton of tlie structure 
of the nueJeuB. The nucleus consists of a closely packed group of 
protons and neutrons, elementary building blccks of nature some 
2,000 times heavier than the electrons. The neiitrona oro electri¬ 
cally neutral while the pwitons carry positive charges, nnd for each 
proton in the jiudeus there is a oorresponding negative electron out¬ 
side, for the atom as a whole in uncharged. Since the number of elec¬ 
trons otiteide determinea the ordinary chemical and phjmcol proper¬ 
ties of the atom, it follows Unit the nuclear charge determines the 
place of the atom m the periodic table of the elements. 

Thus, the nucleus is the body and soul of tlie atom. More than 
99.9 percent of the atom's mass is in the nucleus and the nuclear 
charge detemiines the nature of the atom, its chemical and physical 
properties. 
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TKANSMUTATION of THE ELEMENTS 

These considerations reduce the age-old problem of alchemy^ to 
simple terms. For we see to change one element into another is sim¬ 
ply to change the nuclear charge, i. e., the number of protons, in the 
nucleus. The subject of transmutation of the elements has recently 
received a great deal of attention in the laboratory. All sorts of 
transmutations have been produced on a minute scale—helium has 
been made from lithium, magnesium from sodium, and even mercury 
has been turned into gold. The day may come when we will indeed 
possess the philosopher’s stone and will be able to transmute the ele¬ 
ments on a grand scale. But interesting as these developments are, I 
should like to draw your attention to two other subjects, artificial 
radioactivity and the question of tapping the vast reservoir of energy 
in the nucleus of the atom. 

artificial radioactivity 

One of the early results of atomic bombardment was the discovery 
that neutrons could be knocked in or knocked out of the nucleus 
to produce radioactive isotopes of the ordinary elements. Thus, for 
example, the nucleus of the ordinary sodium atom contains 11 neu¬ 
trons and 12 protons, 23 particles in all, and so it is called sodium 23 
{or Na”); and by bombardment it was found that a neutron could 
either be added to make sodium 24 or subtracted to make sodium 22, 
both isotopic forms not occurring in the natural state. The reason 
that these synthetic forms are not found in nature is that they are 
energetically unstable. They are radioactive and in the cou^ of time 
blow up with explosive violence. Sodium 24 has a half-life of 14.5 
hours, i. e., it has an even chance of disintegrating in that time, 
turning into magnesium by the emission of an electron. So^um 22, 
on the other hand, has a half-life of 3 years and emits positive elec¬ 
trons to turn to stable neon 22. 

These artificial radioactive isotopes of the elements are indistin¬ 
guishable from their ordinary stable relatives until the instant they 
manifest their radioactivity. This fact deserves emphasis, and it 
may be illustrated further by the case of chlorine. Chlorine consists 
of a mixture of two isotopes, 76 percent of CJ®* and 24 percent of 
Cl*®, resulting in a chemical atomic weight of 35.^ which is the 
average weight of the mixture. By elaborate technique, to be sure, 
it is possible to take advantage of the extr^ely slight ^erenoe in 
chemical properties and bring about separation of these isotopes, but 
in ordinary chemical, physical, and biological processes, the chlorine 
isotopes are indistinguishable and inseparable. The artificial radio¬ 
active isotopes Cl** and Q** are likewise indistinguishable. In fact, 
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Cl^ is more nearly identical in properties to the natural isotope 
CP than is tlie other naturtkl iscitope OP^. And again 1 '^fould say 
that the radioactiro characterktie of Cl*” becomes evident only at the 
moment it bins'*'st op to turn into ilie neighbor element suLliir. 

HADIOACTIVE TRAUEIt ATOMS 

In these radioactive transformation h of the artilitdiil rudioacLive 
kotopea, the radJationB given off are so energetic that the radiations 
from individual ntoms can be detected with nigged and rrilablo 
ingtruments, called Geiger counteri- Thtts^ radioactive isotopes can 
be admised with orflinary chemicals to nerve as tmeer elements in 
complicated chemical or biological processes. 

As an illiistmtion of the power of thia new technicpio of labeling 
and tracing atoms, let m consider iodine in relation to the thyroid 
gland* It is well kriown that the thyroid takisB up and stores iodinei 
and this fact can he demonstrated strikingly by feeding on individual 
iotline including a email quantity of radioactive iodine* Before the 
feeding^ the radioactivity of the food can he measured by placing it 
iitiir a Geiger counter^ thereby giving a measure of the iodine con¬ 
tent Later the progress of the iodine through the body can hn 
obsftn'wl by placing the Geiger counter next to various porta of the 
body* Likewise^ the proportion of the fed iodine in tlie vaHoua 
body fluids at any time can be detennmpd quickly by taking small 
samples of the fluids and measuring their radioactivity. Alter aome 
hours it ia found tliat a large part of tbu iodine taken in has col¬ 
lected in the thyroid^ a fact that b readily established by placing a 
Geiger counter next to the gland (pL 1, flg. 1) and observing the 
activity while finding no appreciable activity else where. This tech¬ 
nique makes it possible to ^udy the belmvoir of the thyroid in 
health and in disease, and much interesting work along this lino has 
been carried out recently. 

EAUIOAOTOGEAPH If 

Although the trrtoer oleniouta are readily detected with the OaLger 
counter, is a photographic method which for many purposes 
hait obvioiia advauUgies* This method is Eometimoa called radio- 
autography and is illustrated by plate 1, figure E. Hera a minute 
amount of radioactive phosphorus in the form of sodium phosphate 
was added to the nutrient solution of a tomato plant, and after b 
day or so leaves were placed against a photographic film enclosed in a 
light tight paper envelope. The penetrating rays from the radio¬ 
active phoaphoruB produced the developed contact image diOwn in 
tlm figurvij which gives an accurate and dRtailed picture of the uptake 
of phosphate by tlie plant* Now, indeed, the same method works 
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very well also for the thyroid, &s is shown in plate 2, which is a 
piioUimicrograph of a thin Ewtjon of thyroid tissue oonMimoE 
rodio-iodme; idongsido is Llm radio-nutograpli obtained from the 
same microsection by placing it ofiainst a photographic plate. The 
diKtribntioix of tha iodina in various pM'ts of the gland is shown in 

surprising detail. , x u 

SiDiilailjr striking mdio-nutographa of the distnbntion of phos- 
phorns and atrontium in rats arc diown In plate 3, Bgure 1. Here 
two rats weiB f«J radiophosphorOH and raditHtronlium rcapectiTely. 
and than some hours or days later they were sacrificed, and frOHm 
eectioiis of the entirt; bodies of tho animals were placid against a 
photographic plate. The resulting radio-autographs show dearly 
that both fitrontium and phosphoniiS *ire selectively dfiposited m the 
bones, phewphorus being more widely distributed in other lissua 
Tho distribution of Llm strontium in the bonea alwi appears to be 
quite different from that of phosphorus as radio-autographs of the 

sections of bones dearly show (pi, 3, fig. 2). 

These examples serve to illustrate the power of the new tednuque 
of radioactive tracer atoms. It has often been said that the progress 
of eciencH is the progress of new tools and new teohniqueB, and 1 
iKlnlr wo may look forward to iMXsJerated dfiTelopiimnte in biology 
resulting from the tracer elements. 

artificial RADIPACITVE SUBSTANCES IN THE BAFT 

It is somewhat afield for me to discuss medical problems, but I 
should like to direct your atention to tlm possibilities of the artificial 
radioactive substances in the treatment of cancer and allied diseases. 
It is well known that at the present time there are two main ap¬ 
proaches to the treatment of neoplastic disease, surgery and radia¬ 
tion. It is sometiiiice possible to cut out a cancer completely and 
effect a cure, and in other circumstances, it is pojaible to destroy u 
tumor by irradiation with S-niys or radium. The niechanism 
whereby die radiation destroys the tumor without destroying an 
esoc^ive amount of surrounding nornjal tissue is doubtlesM extremely 
complicated, but m any case it is evidently important to localiie ths 
radiation to the tumor as much as iKMeiblc. Perhaps the idea would 
he approached if a means w'ero at band to irradiute each and every 
malignant cell without irradiating a single normal cell. 

Tlie artificial radioactive substances oi»n for the first time the 
possibility of an approach to such selective irradiation of tissue. 
The abovB examples of tracers suggest thu treatment of thyroid 
tumors with radioactive iodine, bone tumors with radioactive 
strontium and radioactive phosphorus. Tlwiie fioisIbLlitiea are being 
investigated as is the more BiJecifu; problem of finding a radioactive 
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Biibstfince fhut is j^sleotivsly tiiken up by tumor If tbci% 

wore timCt I sbould like to describe work along thui line iu progrSBs 
in seveml labor^itori^, and especially to speak of tho importaiit 
progress that is being made in the treatment of leukemia, but I most 
content myself with only mentioning these new deTelopmmta in 
medicine^ which are so promMng for the ftiliire. 

ATOMIC ESNKUOY 

For a long iime astronomerg have been veicd with a problem^ the 
problem of the source of stellar energy, fur then* is sTidencfl that the 
sun has been blaming at its present brilliance: for thousands of milliona 
of years^ and no ordinary ^cl could be renponsible for such an ebemal 
fire. 

The discororj' of radium posed to tho physicist a similar diflicnity ^ 
for it was found that radium give^ off every hour enough energy to 
heat ite own weight of water to boiling, and ibis it continues to do for 
more than a tlunmnd years. Such a vast source of energy in the 
radium atom was os difficult to understand as the evidently limitless 
store of heat itj the sun. The problem was of fundamental luterest 
and ail sorts of possibilities were considered even to the abandonment 
of the principle of the conservation of energy. 

But the first clno to the eoiution of the problem appeared in 1905 
when Einstein announced the theory of relativity. Ona of the revo- 
lutionaiy' conBequencea of tha theory was tliat matter is a form of 
ener^ and that pretiurnaidy in nature pToeessee go on In which 
mathir is destroyed and transformed into more familiar forms of 
energy such as heat, radiation^ nnd mechanical motiom The rela¬ 
tivity theory gu-ve C3 the conversion factor relating maJte to equiva¬ 
lent energy, the square of tlie velodty of light—^a very large number, 
e ven tcj an astronomer I Thus, the theory indicated that, if a gloss 
of water were completeLy fkstnpyud, mom than a billion kilowatt 
hoiitE of energy would bo released, enough to supply a city with light 
and power for quite a time I 

This exciting deduction was immediately accepted by the astron¬ 
omers, who said, *'Dc!nhtIesB within the sun conditions are such that 
matter b being transformed to heaL Tims, slowly through tlie agea 
the sun is loi.ing mass; its tctt substance ia radiating into apace.” 

Likewise, the physicists; wlm had other oompdling reasons for 
aceepting the Einstem theory, concluded Oiat the source of the energy 
m the radium atom was a de^ruction of matter in the atomic 
explosion giviug rise to the penetrating mya 

Although the fundamental assumptions on which the raklivity 
theory was ba^ were evidently froimd, and the explanations of 
the pourc'e of energy of the aun and stars and radioactivity wei^ 
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most attrartiTfi, imtiJ direct ciperlmeiital TOrification was forth- 
Cflminp, Emstein'fl ereat deduction could not be regarded as an 
established law of nature. 

The firet direct evidence of the truth of this fundamental prin¬ 
ciple was obtained in the first atorn-smnshing eiperiments s decade 
ago. It was observed that, when the nucleus of a IRbium atoin is 
hit by H proton having s kinetic energy of less than a million electrun- 
volti the result in the formation of two helium nuclei which Qy apart 
with ail energy of mo™ than 17 million electron-volta; thus m the 
nuclear reaction in wMch hydrogen and litldum unite to form two 
hdium atoms, there is a great releaso of kinetic energy. 

Now one of the interesting mid important occupations of the ei- 
pcrimental physicist has iieen the measurement of the ma^ of 
atoma and the weights of atoms are known with great precision- 
much greater than any individual knows hia own weight. In par¬ 
ticular, it was known precisely that a lithium atom and a hydrogen 
atom have a total weight slightly greater than the weight of two 
helium atoms, and it was a great triumph for the Einstam theory 
■when measurements showed tliat the escews kinetic energy with which 
i)w hBlium atoms flew apart in the iiydrogpu-lithium reaction corre- 
Gpondeil exactly with the diHftppearance of masH according to the 
mass energy relation. Litornlly hundreds of similar nuclear reactions 
have been studied in the intervening years, and in each instance the 
Einstein relation han been verified. At the present tiine this great 
principle has as firm an exi>orimantal foundation ns any of our laws 
of nature. 

TTILANIL'M FISSION 

Now that it is an eiperimental fact that matter can be convert^ 
into energy, it becomes of great practical importance to inquire 
whether the vast stone of energy in the atom will bo tapped for 
useful purpnees. This question has recently taken on sidded interest 
tbroiigli the discovery of a new type of nuduar reaction involving 
the heavy element unmiuna. 

It has been known for some years that the heavy elementB, such 
as lead, gold, and uranium, are relatively heavier than the middle¬ 
weight elements, such as copper and iron, or mofe precisely that the 
average wmght of the neutrons, protons, and electrons in the heavy 
elements is greater than their average wdght in tlie atoms near the 
middle of the periodic table. Accordingly it is to be expected that, 
if heavy atoms were split approximately in two forming correspond¬ 
ing middle-weight atoms, there would be a vast releaso of energy 
corresponding to the disappearance of matter in the transfonfifttion- 
Indoed, from known values of the masses, it can be calculated ou the 
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basis of EmKUiti^a ttiM^-energj relation ihat each or 

as the process is called^ of a uraTaiurn atom into livo approxitnatelj 
Cfiual parts r^Iea^s an energy of about 200 milli on electroti'VoltSf 
which is millions of times more heat per atom than is Eiven off wbrn 
ordinary fuel is biimeti. TIiuk, calculationH show that 100 pounds 
of uranium would yidd a billion kilowatt hours^ which at 1 cent 
per kilowatt-hour would be 10 million dollars* worth of el^w:Lrical 
energy. 

For some time these oonsidemtions were largely academic because 
no way was known for producing fission of the heavy alemenlKL But 
interest in the matter has now become eitnemely lively as a result 
of the dbcorcry that fission of uranium is actually brought ahrnit by 
bombarding it with neutroiiE^ 

The phenomenon has^ during the pant 2 years^ received intensive 
Ktiiriy in laboratories all over the world and savoral salient facts have 
emorged. First, tlie rare IP“ isotope undergoes fission after absorp¬ 
tion of A slow neutroTu Sccondf the energy released in the fissiori 
process has been nieosuried^ andj as expectedi it is found thati when 
a uautron having an energy leas tlvan an electron-volt enlers the 11“* 
nncleuSt about 200 midiou electron-volts of energy is released. Tliird, 
it is fouru] also that tbo fission process ia ao violent that usuaDy the 
U*“ nucleus docs imt break up into two parts only, but more often 
several neutrons ore given off in addition to the two large fragments. 

That neutrons are gene re ted in the fission process is of the greutesd 
interest because it opens up tlie possibility nf a chain reaction, a 
series of nuclear reactions wherein the neutrons liberated in one fission 
process go to produce additional fissions in other atoruH which in 
turn give rise to more neutrona which produce further fissions and 
so on. It is this possibility of a chain reaction tliat Ima esrited the 
interest in uranium sa a prartical source of atomic energy. 

Without going into further detail, at is perhajis sufficient to say 
that there is ^ime evidence now that, if could be separated in 
quantity from the natural mixture of the isotop^g, a chain reaction 
could, intlEKc], ba produced. But herein lies the catch, for there is 
no practical large-scale way in sight of a rating the isotopes of 
the heavy elements, and certainly it is doubtful if a way will be 
foimcL 

But 1 slimild not want to Indicate that the uniuiiim matter is a 
diHAppointment, that after al] we shall never find a way to bring 
about fission of the heavy elements for useful purposes. Quile the 
contrary I 

The pi^Qt KitiiatioQ is not unlike the ciretim stances GO yeare ago 
surrounding the then great {jtiesiion of whether man would ever be 
able to fly. In tlmse days the fundamental laws of clawiieal mecha* 


Fttl>2CT[ERS IN THE ATOM — LAWRENC*^ 171 

were known, and tliey allow^ the possibility of hwavier-Uian air 
flight. Moreover^ there was an ahunilanL-t! of soipporting obsemi- 
tional evidence that flight should be possible; there were kites and 
Lliom were the birds of the aict But iium’a realiy.ation of the dream 
awaited prmiftrily the duvelupinent of the combustion engine, a eir- 
cinui^taiice tiiit so evidently connected with the fundamental problem 
of flight* Likewise the fundauientiil laws of nature recently revealed 
to 113 alliiw tli 0 possibility of obtaining useful nuolwir energy, and 
radium and the sun and stars bear witneaa that this vast source of 
energy is being Lappod Ln nature. Again success in this direction 
may await the development of a new intmmeiit or tochiuque just as 
tlie airplane de[tended on Lha gaa engine. 

Perhaps tho problem awaits a deeper undenittHnding of the forces 
tliat hold nuclei togeUier, Tlmt there are httlc-understood forces 
operative in the nudeus is mote than evident; especially from obser¬ 
vations of the cosmic niys, it Iihs bean established that particles of 
matter called mesotrotts of intonnedinto mass betwaan electromi and 
prnti>riK play a dominant nde In unclear structure* Theoretical con- 
eidoratious suggest that the mesotrons may be connected with the 
primary fnrees in the nucleus, and accordingly, an understanding of 
mesotron forces may uJtmatelj yield the solution of the practical 
problem of atomic energy. 

THE GLANT UIGLOTaOK 

In order to study esiwriiuentally the nn?s<>Lnin prublem, it is neces¬ 
sary to bombard nudei with atomic projectiles having energies in 
the range of lOO million electron-volts rnther than m the neighbor^ 
boot! of 10 million electron-volts at prt^nt available in cyclotron 
laboratories* To this end a giant cyclotron is now under coni^truc- 
tiou fin Cliarter Hill in Berkeley j mtiiM pictures of this great machino 
ore ahown in plates 8 and 0. Whether it will be the key to the vast 
store of energy in the atomi wlmt new discoveries, what new insight 
into nature It will bring—only the future will telll 

THM PRINTIFLH TFlB OfCnjCymON 

The principle of the cyclotron has been described h 3 fullowa in a 
popular article by Henry Sdiacht.* 

A chanibar was placed between ibe pciee flf tlie onajpiei. Tl^ee bU 

olf vtaa feinfiveA iram tJif^ ebamber and heavy hyiiroftieii pas allowed to flow In. 
ThSft ifo-caUeO ticrtty hyrtroffen behavis In tlic aumc way ns oniUiary byilro^a. 
Howerer, while the nnclel of ordlnurr bjdrei^ atoms L-oatato ono positlvidy 
ebnrged parUcle, nr proton, hjdrefen nuclei cnntaln two aneb p&rticlea 


■artmOii, ilrnry, i^dattQa, Tart 1 aod Firt IL CaUrornla Moatbly for 

s£.r wJkd Jmif, IS40. 
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pins OBfi cJiietroiL tJitiy wi^igb JuRt tvrlvs ah miiiJi u tb^ nuclt?^ 

nf nnllnjiry hjrdro^on atnmM. Th#jr nm tn<>nrn ai f!€EilfraniL 

nclilfHj It an bulle^t. And tiEiie la 

how Bt. Lflwr^nH^ pSanocd to send ^itrcama of clenterons crfliShSiifr It'^o the 
of other ntoQiis In ci eonEttint, hurray; InKhle Ujo c^eldtrnn rJinm- 

l>er waa a heated fUament that euiltti>d Btreow of clootrous^ porUdlefl 

would cvNldu with Uie vlecttoii^ BurruuzidLiii^ tb# nuclei of Lbo bj'di^i^ea atoins 
Eud 111 the eiisutni; mlx-up the nuclei uitd their autelllLua wonld become ^'p- 
oimted. Tlie deuterDiuf would be left friHi to float amend tli# chimlber. 
ETenluiilIx, the mui.'netlc forn* oet np bj the rjrlotmn'R maitiiat would poll 
them betweoii two znetnl R^ldR ot^parated by n irprice Actoso wbleb an alternating 
eleirtrleiil cnrreni ot ID or 15 thousand ml lb would be opi^milo^. as ihe 
douteionfl lloaled Into this ifpaee, they would terelm » he^ivy ttinekK und under 
tiiht stlmulufl by ofT toward the olda of the ehaiuber. But the held 

would puH thom back afabi la n oeiuLelreular path until they a^nlQ come 
beiwmin the two prldik Again they would be fiboeked and be Ecut rtylag out 
toward the aide. And ngalij the manner would pull thum Niek to coinpletu oae 
full elrde of the rhamber nml be ahochefl aKntii. 

At each Jolt from the onrtent the deulerOoji would ^tlier more energy. Thli 
meant that they would go flying out from botwsaJU the grida wEth conatoutlj 
luerenRing foiw and In coiiEtnntly wtdc-ultig cirdoif. So yon get the pletuit of 
the nrorple buHetj? recelrliag BhtKdia one right niter the ather fmfu a weak 
eleetrliJrtl fotee. Each time the bnlleta rocelT^ n shock their energy Ih IncreftSoil 
find they go on, deserlblog wider and wldsr elreleR around tho eyelotrou 
chftmber. Flunlly, they cirdo so widely that they teacb a silt lu ttn? eUamher 
wall nnd go flying out Into the open alr^ Tlie whole sceret of the thing lion lu 
making sure hy meutui ol the nmgnei that the atomic biiUota arc forced to 
come buck for BncceaslrB ahocka until their cner^ is built up to the point where 
they lain force their way to the erlt. Dr Luwrouce llgured that to bombard 
any sfuhatiince wllh his atomlr huHeiJS, nil he bad to do was chimp thl« mih- 
Btance omr tht slit and let the onrnBblng stream of deutemna crash Into It, 
This then wus the theory pit to the cruetal leal In isai at the UnlTcritly 
Hudlnliou Laboratory. Dr Ijiwreneo threw the BWItcU tliat «;ut a hlgh-pow^ 
ered radio trauamlttcr pumping enerfry Into the cycloLrou and iho flrat ciperl- 
mont with the HS^ton machine hud begun. 

Within n Ahorr rJme+ phyelelstfi were to hear fhiU Lawnmee fimj hiu 

oydotmu were not only ehanglng familiar elemcuts like pLudnutn Into oiher 
elemeora like trtdliim and gold, hut were nettmliy producing suhatancra ue^er 
before seeo on corih. Thcoe were the Eirtlllclatly radlonctlye elements, [■erhapo 
their character la licat cxplnljied by lUu-mratioiL 

Due of the csp‘!rliiiealfi performed wLtli the cyclotron luTol^^ed tbs bombnrd^ 
iavai of Irou aloou with tho hJgb-Hpeed deutcrona prodili-cd by thn cyeloEroii. 
When the denterons cruBbed lutp tbeui with r force of about a mlllEnn rolts, 
the Eton atoin^ wero briikeu uji. Borne changed Into otomA of eubult or nian- 
gtmeso. But others were f^-mverLed Into a new form of tr^m which, Uke rndltuu^ 
guiKted stfeama of elirctrlcnlly charged parllclcs. In other words, this new Imu 
waa m^liunctlrc. Thirty'four dllfercnE clomsntfi were subjected tn bijuibard- 
mout with Uifl BI5-ton cydotron and nil of them underwcut n transformation, 
many turning Into radloactlTe siibatances. Among the ixtlhdal rudloacUTn 
msterlala produced by the cyclotraD were eodEou], phe^borna, Iron^ and lodLua 
U WBR even poBalble by bomhnrdiog blamuth to produce a dfweinerata form of 
radium called itudlniu E. 
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Another interesting prodnct of these atomic bombardments was the nentron, 
a particle often found lu the atomic nucleus. It adds to the weight of the 
nucleus but has no electrical charge, hence its name. When atoms were sma^ed 
by the bullets from the cyclotron, they flew Into two parts. One might be an 
atom of a new radioactive element, and another an atom of a light element such 
as hydrogen or helium. But more often than either of these two, a neutron 
would appear. When the cyclotron was going full blast, 10 billion of these 
particles could be liberated every second. 

It was found that radioactive elements, such as sodium and phosphorus, had 
certain advantages over radium which might make them extremely valuable 
for treatment of human disease. Preliminary experiments indicated that 
radioactive phosphorus might solve the problem of leukemia, the wasting blood 
disease for which no cure has yet been found. Radioactive sodium, Iodine, 
phosphorus, and many other of the newly created elements proved to be price¬ 
less Instruments In the bands of scientists interested In finding out more about 
our fundamental body processes. Finally, streams of released neutrons gave 
every Indication of being a more powerful weapon against cancer than the 
X-ray. Hiese discoveries marked the end of the first cycle of the cydotron s 
career. So promising were the medical applications of Its products that plans 
were laid to build a new 225-ton cyclotron. This machine was finished and 
housed lo the William H. Crocket Radiation Laboratory on the University 
campus during the spring of 1939. 

In Its first performance the new atom smasher produced deuteron beams with 
a strength of 17 miUion volts, and “alpha rays,” or beams of helium atoms, 
with an intensity of 34 million volts. These voltages were greater than any 
obtained with the original machine even though the electric current used to 
energize the particles within the cyclotron chamber was only 60 kilowatts. 
Such results were entirely unexpected, far exceeding anything Dr. Lawrence 
had hoped for on the first trial run. 

On April 8, 1940, The Kockefeller Foundation of New York City 
announced its willingness, under certain conditions, to contribute 
$1,500,000 toward construction of a 4,900-ton cyclotron at the Uni¬ 
versity. It would be 56 feet long, 15 feet wide, and have an over-all 
height of approximately 30 feet. About 12 feet of the vertical struc¬ 
ture would be underground. It is estimated that 3,(00 tons of steel 
and 300 tons of copper windings would be used in the construction. 
It is believed that such a machine could produce a deuteron beam 140 
feet in length as compared witli the 5-foot beam produced, by the 
present 225-ton machine. This next cyclotron is now under con¬ 
struction at the University of California (see pis. 8 and 9) and when 
it is completed the problem of subatomic energy may be solved and a 
new power may be released to run the wheels of industry. 
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The diffuse ci>nuiftr seen covering the rfeht half of the section is made up of eaucerous thyroid tissue. To the left are three small Islands of Invaded thyroid tissue which accumulated 
most of the radlo-iodlne. In the radio-autograph shown here the areas of darkening eorrospond to the regions of greatest deposition of mdiCKJodinc. 
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l. THE First Large cyclotron Which is stillin operation in the Radiation 

Laboratory. 


phot«>praiih hy Dr. Potialci Cooksey* Assiistant Director* Radiation Labomtery. 





2 . The 225-ton MEDICAU CYCLOTRON. 
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1 . THE "WORKING SIDE" OF THE 22S-TON MEDICAL CYCLOTRON. WHERE NEUTRON- 

RAY Treatments for Cancer Are Administered. 



2* The Cyclotron Releases a Beam of deuterons, the "Atomic Bullets" 

OF Transmutation, 
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fiCTESrCE SHAPING AMEItCCAN CIUiTlTREi 


By A*nirB Ci>w™n 
PTDfsmr of Phyito, Vniv^W of 


Id no other part of t]ie world wnd at do prtsrioDs tiioo m history 
has lifo been bo grr-iitly influenced by science as in the United States 
today. Tins influeaee extends not only to the Biipplyiiig of the means 
of livings but likewi^ to our thonght, our arousementsi, our art^ and 
our ratigton. 

American civilization is haKed upon lienee and teclmolngy* That 
civil izat ion includes great eitiesr which need For tlieir very existence 
mechanical transporLation, sftcel rails and girders, electric elevators, 
rtifriteration systems to preeerve food^ careful control of sanitation, 
and meana of preventing tJie spread of eommunicable disejise. It 
embraces great areas of thinly populated but highly productive farm 
land. Here fanners live relatively complete Uvea, and supply the 
nation with an unparaUeled abundance and variety of food, because 
of the ngricuUural knowledge and tools and convenient cominujiica- 
tion and transportation that science has supplied. With the help 
of science, laljor and capital arc efficient, the Government coordinates 
the activities of a widely spread people, and our coutifiEnt has become 
a national commiini^« 

American thinking is strongly influenced by Rcieuce, Whereas at 
Oxford it remains doubt ful whether science has yet eamerl a true 
place in education, at Chicago three of the fottr main divisions of 
the university are called sciences. Of the older learned profeKsionH, 
the miuiKter needs to pay close attention to ecienco if he woidd retain 
the respect of his congregation* the lawyer who would deal with pst- 
entH, or corimriitions, or even crime must acquaint himself with the 
rudiments of science, andj as for the doctor, the more science the 
better* Most of the newer profe^onB, such as Eiigineerkig and archi¬ 
tecture, ore booed upon science. A survey of current literature can 
leave no doubt but that in American society moat uf our creative 
thinking ia in the field of science. 

» April 10, IWO. Bjunwriuin DU UhjLfACtirlltlo pf AiHEriep.li Cdltrirfl' and Jtf PliLCT' 
In U«ifit«| CiTltTTTT. RfDrlnl^ Hj IMratlEii™ Fn«rHllb|at nf Hie Aintrif^B Plill«oplM- 
i=tl SoclEEj, wot. ai, N<l A Htfpiflinbfr IIHO. 
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It is typical of contemporary American cuUiuiil life that good 
reproduction of the best paintings, niid radio programs of the best 
mtisie are available to nearly everyeme. Here is an opportunity for 
widespread vicarious enjoyment of fine art and music. Tct the soul 
of art is in its individual expression. While the ■wideapreari u»a of 
color printing may seem to hove discouraged the nniateur painter, 
hia place is perhaps token by the amateur photographer, and tl>e 
recent rapid grtjwth of school orchestras and bands seemfl to be 
ascribable to the grouriDg familiarity with orciiestrol music as heard 
over the radio. Tt is not impossible that use of the radio muy mark 
the birth of a new era in American muscial espreasion, 

On the credit side of tlie ledger we con certainly count the intro¬ 
duction «r new techniques in music and art- Among these may bo 
nientioTipd the electric “organ ” which affords rich, new tone poBBihili- 
tiea, and photography and motion picturrm, Timugh the possibilities 
in ^ese directions are only beginning to be explored, it is alrcjidy 
dear that in botli stiLl and moving pictures there are new fields 
opening for both the profefsdnnal and the amateur. In particular, 
the possibility of adding action and sound to pictures is eomparablfi 
in importanoa with the discovery of reprfeHenting a third dimension 
in perapectivo dniwing. 

Tn our recreation we may try to Uve a primitive life. Having 
motored hundreds of miles over hard highwayE, we arrive at the 
cabin in tbe wildwood, cook Qliicago bocou on a stove using oil from 
Toxna refined in Jfew Jersey, and go fishing with an outboard motor 
mode in hlichigan. Or it may be that we go so completely native os 
to canoe down the river, reljdng only on our Pittsburgh steel ax and 
matches made in Ohio frotu LA)uislaaa sulfur to light our fires, fruit 
canned in California for our food, and mosquito netting woven in 
iTew Hngland to keep oiT tbe pesta. Though we want to be free 
from the ring of the telephone and to use the sun as our dock, we 
must take care that the milk we drink is pasteurised. Thus the 
Aiiicrican frees himself from technology! 

scienct; makes mhn human 

In hbi recent book, “Science and the Sew Ilnmanism” George 
Sartou shows how throughout history mans cultural growth lias 
followed the gradual growth of bis scientific knowledge. In art, 
except for new pigments, tools, and photographic tedmique, the 
American certainly does not excel the Greek nor hardly ai-^n the 
prehistoric Eurtqiean who painted lifelike animals on the walla of 
his cave. In muric the Kussian peasants and the natives of Hawaii 
ipve us lessens. It iy Sarton’a contaudoa that those aspects of oitr 
culture which have been developing owe their growth primarily to 
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th« Rdvsinee of scientific knowledge. Thus by learning moM and 
more about tlie wnrlii ia which be lives, man boa distinguished him¬ 
self from his animal cousins. If this claim ia valid, it Jiienns that 
the primaiy respcnsibility for humanizing man lies with science, and 
that thesodety in which scientVGc knowledge is most mpidly giowing 
is the spear point of man’s advancing cultnn*. 

Let us then esaiume Snrton’s urguiQcnt more closely. He points 
out that each stage has been ushered in as some inquirer, more per¬ 
sistent or more fortunate than Ida predecessors, and building on the 
foundation of tlieir techniques, has learned new facts regarding the 
propeiliea of matter, the diHmifitty of metals, or lins lawu of 
mechanics. Thus when wc speak of the »loue age, the bronze age, 
the iron age, and the machine iig»', we arc siinunarizing the growth 
of man in ten 113 of the tools with which ho dttes his work. Not that 
mechunicaJ inventions are tlie only ones. Langunge and writing 
are among the most significant inventions of all, giving as they do 
means of thinking more cleuily, of communicating ideas, and of 
remembering ideas with definitenesat. When the invention of print¬ 
ing, telegraphy, tiie telephone, moving pictmwn, and tho radio are 
added, it becomes possible for [wopla to share thoughts widely, to 
become quickly aware of what is happening lo all inimkind, and to 
**rBiiicmbcr” what hae hiipjwnetl to nicn in the past. A great change 
thus cornea in men’s attitudes toward each other. Tlic world becomes 
almost a conscioua unit, very similar to a living organifini. Thus 
even the noumochonical inventions have found their most elective 
application tiirmigh tiie aid of scientific development&r 

Hand in hand with this development of hiveutioii has gone the 
increaso in our knowledge of nature. Skillfully made lensea made 
possible K telescope, and Jupiter was found to lie a miniature solar 
system. As blgh-vacuiiim pumpa were developed, X-rays wore dis¬ 
covered, giving new knowledge of tlie structure of matter, with 
resulting advances in metallurgy. “If 1 saw farther, ’twas because 
I stood on giant shoulders,'^ is the statement ascribed to Isaac 
Newton, who clearly recognized the way in which one advance makes 
possible another. 

The knowledge of naLura, which from the beginning had been 
man’s gradualiy hut accidentally increasing heritage, at Jeogth be¬ 
came tile conscious objective of alert minds. Three centuries ago 
the hobby of a few amateurs, there are now in the United States 
nearly g,000 research laboratoiies, equipped with refined apparatus, 
where men of the highest training are atrivlng to enlarge our under- 
statidihg of tlie world. As a result, our life differs from that of 
two generations ago more than American life of that day differed 
from Uie civilized life at the dawn of written hlstocy. 
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Ttie growing rate of tliis increase in knowlodga snd of the re¬ 
sulting social clianges may be strikingly presented by using the 
histnriau'a device of com pressing the time scale utiill the whole 
growth of man through a million year^ in c^jncentratcd within the 
lifetime of a middle-aged man of 50. It was then a« a child that 
our man was learning how to use certain odd-tthaped sticks and 
stones as lools. The meaning of soumla became definite as he learned 
to talk. By the time he was 40 he bad developed liie art of skill- 
fully sliaping stones to fit bis needs, Man soon became an artist, 
end* by half fl year ago had learned to use simplified pictures os 
symbolic writing. Some 6 weeks ago the Phoeniciana introduced iha 
alphabet, and within a fortnight come the brillant art and aclcnce 
of ancient Greece. Then came the fall of Konio, hiding for some 
weeks the valucs of civilizud life. Less than a week ago, a« the 
report has it, Galileo dropped the heavy and the light cannon balls 
from the Leaning Tower of Piiia, refuting a propoaition of Aristotle 
and starting the period of modem science. Three or four days ago 
the first practical steam engine was built and it was at alamt this time 
that the United Statea came into being. I>ay before yesterday the 
laws of electromagiaetisin became known, which by yesrtertlay had 
given us the telegraph, the telephone and incandeifciint electric light. 
Only lost night X-raya were discovered, followed quickly by radiutn 
and wireless telegraphy. It was this morning that automobiles 
carao into general une. Air mail began to lie carried only ot noon 
today. Popular ahort-wave breadcosts, practical color photography, 
and fluorewent lighting have been with tia fur only an hour. It is 
clear that our American Kcene ia ataged in the mii^ of a period 
of unparalleled advance in scienoe and rapidity of social change. 

AMEHICAN CULTOBB is TTIAT of a CHANGINQ SOCtETT 

Even before the outbreak of the present warn, America liad be¬ 
come the leader in most fields of wientific endeavor. The tradition 
of the pioneer has made it relatively easy for the Ainuricaa to alter 
his habits as required by the introduction of new tcchniquBs, with 
the result that in this country social chonges have gone ahead with 
a speed not found elsewhere. Our culture is thus that of a new 
community, with our customs and ideas only partly adapted to 
the rapidly changing conditions of life. 

For a week I have been living in on apartment on a comer by 
which a streetcar clangs its noi^ courae. When first installed, these 
core gave the rapid transportation that made the city possible. Now 
the demand is insistent that the streetcars be replaced by quieter 
bnaeB that will [lermit conversation by day and sleep by night. 
Thus the first application of technology was to meet the primary 
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need of traBspormtion; but eventuaUj the refincinenttt come tiut 

add to life’s enjoyment, 

Onr older hflbito no longer fit tho ntsw cwiditionH of lita, and 
we have not yet learned how heat to use the new possibUities plsc^ 
ot our disposal, Nor aa long os such rapid chanps in out social 
life continue can we hope to make a completely aaliafactory adapta¬ 
tion of our mode of life. For os one aspect of the prolilem becomes 
solved, clianjtfes will lead to maladjuatmcnt somewhere else. It would 
for this rea/»ii bo futile to hope to attain within the next generation 
an art of living in a technological w'orld that can compare in re¬ 
finement with the classic culture initiated by the Greeks and Jvelopcd 
through centuries of such tradition as that carried on by European 
and English society. In course of timO} thou^ it may requiw 
centuries, we may expect the dovelaptnent of science to approach 
a new plateau of knowledge and iuTcntion, Then wo may hops i^m 
to refine our mode of living to fit precisely the conditions of our 

grmttr world. , . , 

Does thiH prospect of gGncrdtioos of incomplete auiiptatioriT with 

rpnuJtant dise<mtent and hardship seem discouraging? One is 
reminded of the legend in which the people complain to DaedaluB 
that the steel aword he has given to King Minas will bring not happi¬ 
ness but strife. Daedalus replies, “I do not care to make man happy, 
but to make liirn great." For these who have courage, the new low¬ 
ers Uius given by science present a chnllengu to shape man’s life on a 
more heroic scale. Here is a vision of n new world which only the 

brave may enter. v. i, 

Y«fc we can thus appreedato the dread felt by thiHie who have 

followed the tnidition of claeslc culture os the Ufe they have loved 
and whose values they have cherished is threatened by the advance 
of technology. They see science replacing the liuman interests prM- 
ent in litBraturo, art, and music with terhoological developments m 
which the human factor becomes less and less significant. Tim most 
fundamental values of morality and mligion are ruthle^y shaken, 
with iho implication that their value is nogUgihle. It is just ^ause 
so monv sdendfic men seem blind to thfewe human difficulties that one 
feels the greater concern lest in following science mankind may lo® 

‘%?eJe in a passage in Plato’s Phacdo in which Socrat« d^nl^ 
hia early interest in physics and how he had found that physi^ faib 
to account for the important things in life. Thus, he eiplamed, 
Anaxagoras would say that Socrates eat on bis cot waiting to drink 
the hemlock because of certain tensions of temlons acting on his 
bones The true njsson was rather becauae ho had been cotiilemued 
by the people of Athens, and as a man of honor he could not creep 
eteaWiily away. Such moral forces as honor were not to be explained 
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by science; yet it b these forces that sliape men’s acts. Sine* U did 
not meet their huniiui needs, the followers of Socrates and Plato 
abandons] acknoe, and the study of the truths of nature was for¬ 
gotten for a thousand years. 

"We have tiuw once more como to fear the unhuman implicationB 
and the inhunan abuses of science. Yet science has enriched our 
lives and has helped us eatch a vision of n new and better worltl. 
.Shall we then again give iip science and with it the tools by means 
of which that lietter world may be attained 1 
The truth is that wa cannot cast away science even if we would. 
In a Ume of intense social strife tlie ktiowledjEic of the world that we 
call science is a sonree of tremendous strength. Nothing is so clear 
as that a nation which abandons Btienca must soon become weakened. 
The world’s leademhip must go to those who n™ served by science 
and technology. That we shall tiva with science is thus deorved by 
the iramutable Irws of eToluiioti. 

THE HUMAN ifRANING SCIENCE 

F(}r those vho know ^ience^ its iniiutnaimesa is a fiction + It serves 
to satisfy tbo human hungi-r for a better understanding of place 
in his world. In this age when men thrciughout the world are trying 
to forma late a philosophy by which they can live^ it to science that 
they Aie turning with confidence in its truth. But perhaps of great¬ 
est importance is th© fact that science is making man develop into a 
Hocial beings 

One of thn most striking of biological phenomena is the change of 
man in & short thousand generutioiiH from an individualistic to a 
social animal. As has been indicated above, this change is due largely 
to the development of iscience and technology^. If we would assess 
the cultnrid significance of sciencet it thus impnrtant to consider 
what tho more specific dire-ctjonst may be along which this social 
evolution will prciceed. It is clear that we may expect thoite uicidiflca- 
lions in our mods of life to survive which give strongth to the soctul 
group* Among these strengthening factoni th™ may be emphn- 
sized. These are* knowledga, cooperatioUt and a common objective^ 
In science and technology lies our approach to the laws of the 
world of nature and the application of these laws. Enough has been 
Raid regarding the strength that cornea through such knowledge. In 
a highly ccimpetmvej warlike world, that society cannot long aurviva 
which neglects the truths of scisnoe. 

Without cooperation, knowledge cannot be made directive. If men 
divide into antagonistic groups^ it becomes terribly destructive. Ex- 
parience as wall ns theory has shown the superior strength of those 
social groups whicb work together* The ovoIutionJat thus sees as 
mavitable tiie growth of social coopcratioiL 
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Just as ths aiitOMobile demands aobrietj, or congested life makes 
necessary careful sanitatitm, so the mutual dependence of a tcchncH 
logical civilization implies consideration of the rights of c)the^ 
Brenateil haa shoim bow the erowtJi of comiaiinily life along the ^*ile 
stimulated among the Egyptians tlie “dawn of conscience.’* Ghejmey, 
in his retiring presidential addresa before the American Historical 
Association, lists prominently among his ‘‘iaws’’ of liistery the trend 
toward a preatur consideration of one's fellows as society grows more 
complex. Thus in the tet'hnological society of which American cul- 
tnm is a jaipreme example, science ami itidustry are emphasizing as 
never before the need of the will toward cooperation, that is, c)f tho 
lovo of our naiglibors. Perhnps the urgency of the universal accept¬ 
ance of this central cloctrine of Christianity is not gpuprally 
iccognized. This ie merely becaiiae. tli« social implimtioM of our 
incrraaingly complex life have not yet becuuie evident within the 
brief decades of the world’s growing social unity. 

Most significant of the factors that give strength to man is, how¬ 
ever, the vision of a goal which ho loeognizes os worthy of his supreme 
effort. If we would truly live, we need a purp^. To many of its 
fnllowers, science gives a ba^s for the appreciation of mans place^in 
the universe. It helps him to see him^lf as he is, a creature with 
animal liiniutlons, but with godlike powers, sharing with his Creator 
the i«»poiisibility for making Uiis world a fit plane for life. The man 
of science may not feel qualified to choose for others that which giyea 
life dignity and worth; but he can at least supply the data on which 
that choice mu»t be made. How can we correctly orient ourselves 
without learning the facts about the world and disp^ionatdy con- 
sidering their implicationa. It is, I believe, in just this direction that 
Bcienco must ultiumtely make its greatest human oontribiit ion. Science 
must darifj' tho vision of the seers who wotiM point out to hh the 
goal of 

It is noteworthy that these things which give strength to ^lety 
are likewise those that make life worthwhile, ttic imderetanding of 
Tyino and nature, the love of one’s neighbor with the acceptance of 
responsibility for his welfare, the finding of a goal worthy of our 
best efforts. Though American technological civilization moy lack 
the refinements and nice adjnstmente which perfected the clasaic cul¬ 
ture, its growth is toward the greater social development of man. 

In this senee it is truly humanistic, ± i j w 

The role of science in American culture i» thus threefold. First, 
it supplies more adequate means of Ufa, giving men longer life, better 
health, and a richer variety of experience. Second, it stimulates man’s 
social growth by rewarding more abundantly cooperative effort and 
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punisLmg more sflverely his antagoniBmR. Thirii, sdeoct serves a 
direct nieana of eipresision of the ImmaQ spirit 

It "Wiia the j;r«»t«r variety of life that waa the great reward of 
science seen by Francis Bacon as ho wrote in hia ‘‘New Atlantis^’t 

Th^ end flf our sodctj Is fcnowled^ of inu-ses, onii the f^TPt motJonii of 
and thft eoLurglJi^ uf tlte boondft of bumun empln.^ to the cffw^tln^ of all 
tMn^B posRtthle. 

After th™ and a half centuries of esperieiice with modem sciisnoa 
this aim has been so realiKed tliat the president of one nf our leading 
technical institutes can saji 

Tn IrtBt 50 yeara jiLysics bns a more powerful benoflcSil InflBpnrff 

on ihe SnrollKtnftl, ecouocnic, onO soclol Uffr of tlw world Umii hAs bwn c¥i^rtcd 
ta a compJirnhle Hma by any otbtrr Agency In tlfllory. 

It 33 its reft|ionsibility for man^s social evolution which loads Sartfln 
to [I^ribc the growth of srionce as the contrtil threiid along which 
may be traced the biography of mankind * 

To the man of science hiniKrif, however, it is as an aIT octive method 
of developing the human spirit that he values his sscicnce. frt.tic1y 
nffordH esercise of imagination and broadening «f perspective. 
Whereas to Plotinue it appears that 

It 13 throTi^ lutoldim niiher tlinn tlir^uph rcaacm that we teay approoeb 
oar blfibc^ a[>c]i|rAtlaiu, 

the Boientist finds that in the discipline of unprejudiced search for 
truth lies tho beginning of wh^dom. Thus, in the words of Thomas 
Husley: 

Sd£ii» Kerns Lu me le tencll In the hlahrat RDd strotn^st inanneT the Kreat 
tmth which £b flmbvUled In the? ChHvlAd ronccpllDu vl coUfe Hurpender to the 
wlQ of God. Sit dwwu beforo a fJict its a little bo prciiajod to give up 

erery pnicoaMivea ufUion, TuUnw humbly wlusrcrcr uad to whntcvef nhybaeA 
□ature or you yhall Ivani uothlug^ 

This ie the aspect of science recoguiaifid by the Greek philosophers, 
who would seek “of what and how the world iw made’^ lu order that 
they might find a better way of life- To a certain degree thia 
humanizing aspect of scient^ is esoteric, since it can bo fully appre^ 
dated only by those who have Ihemselves submitted to the discipline 
required to share in thr eSort to widen the horizonfl of knowledgCr 
Certain aspects of science, noUbly astronomy, have b«!n more effec¬ 
tive than others in 01*6111115 the way for Tnany amateurs to take part 
in their euterprise. As in i^n aud literature^ hens in advancing hu¬ 
man underBUnding is an opportunity for enriching life* With find¬ 
ing new knowledge comes the satisfaction of knowing that one has 
not only made a permanent addition to man^s heritage, but that the 
new knowledge is a seed that will grow from more to more. With 
Democritus the scientist can truly say, “I would rather learn the true 
cause of one fact than become King of the Persians,” 
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INTHOLtUCTlOX 

At the ocitPcL I >visli to express my very sincere application for the 
eviclence of trust on your port which makes this occaMon pcrasilile for 
me. It is tpiiUi n aurpriso when n group of scienliate so honor ft 
teacher of mathematieft, for it is a moot question as to whether 
mathematics Is a science. It is more than a surprise when that 
teacher is your speakorj whose association witli science haa been more 
that of a wiirflliipcr from afar tliau ho likes to have to admit. 

The duties of thia ofike resolve fhemaalvea in large i»rt to the 
retiring address which brlngH us here tonight. Dpon asking myself 
what I might say to you that might in part compenEate yon ^ 
enmiug here, I thought it pertinent to conaider with you the relation 
hetween mai hematics and the sciences. With this purpose in inind 
I asked a philosopher colleague what he considered that relation to 
be. His reply was quick and pointed. "Thera b no relation,” ha 
said, "science thinks a thing in terms of other things; matheuiati(» 
thtnlw a, thing in ternia of itsdf.” His inference was that the two 
are mutually esclusiTe. This w*as very discouraging. 

Tho history of science, however, does not sewn to bear out the 
philosopherH contention. Until the time of Galileo (16001 
history is practii:ally a history of matiiaiiiatica. Althou^ we have 
wmo knowledge of perhaiw 6,000 years of mankind's intollectual ac¬ 
tivity, we search in vain for any trace of scienco before fi,fi00 yeara 
ago. True we Lave the pyramids, some 5,000 years old, and thaif 
structnra indicates ttie employment of scientific id^ We have, 
too, the Ehind papyrus, 3,600 years estaiit, and within its pages 
a kind of mathematical science. But the first scientist to emerge 
from the mists of antiquity was Thales, the mathematician of S,500 
years ago. Almost fflntemporaTy with him is Pythagoras, a strange 
mixture of scientist and pseudo scientist. Two centuries later came 


‘fcllrln. «edr». of IhO tht North Coroltw Aaidmj Of W-i. 

r«r«ct. N. iC-* Maj 1930, hj perralwKm fhsni thft lottrnml EUplui MUrhdt 

Bdtmtldc 55. ^ IBSS. 

1S3 






184 ANNTTAL BEPOfiT SMimSOMA^T Ifi41 


Democritus with I he begumiuga of an atomic theory which even the 
oppo^Uon of an Ari^otle could not da\vti. Another century bring? 
us to Euclid, hut we must wait yet another century uniih around 
200 E. C., appeared that resplendent figure of tild^ ArchimedeSt bring¬ 
ing with him the law of buoyancy, the principle of the lever, the 
diseoTery of light reflection and the cry of “Eareka ” which White- 
head says should be celebrated as^ the awakening cry of mathematical 
physics 

In the iT centuries from Llmt ilay to the time of Copernicus ( 1600 ) 
physics was to remain at practically a standstill. In another century 
these latent stirring? of tfio aeientilic apirit were brought to light for 
the first time in the father of modem science, Galileo Galilei, whom 
we know so well that we invarjahly call him by his first name* Tni- 
purLant it is that he should be the first to formulate inertia, to dis- 
corei the law of falling bcHiies, t« invent the pendulum and ilia 
talBScufje, to discover the four satellites of Mercury and the sun¬ 
spots, More important still, say? Millikan, tliat he should see ^that 
forc« i? proportional not to motion, but to the rate of clinnge of 
motion, an idea the most profound in hutuan thought.” I dwell on 
Galileo because lie h generally regarded as the originator of the 
modem viewpoint in sciencft, Hbj Einstein, “Kaw that all 

knowledge of reality starts from experience and enda^ in it.’^ Tfuis, 
as Whitehead so aptly puts it, ^^the world waited 1,800 y**ars from 
Arehunedes to Galileo for someone who could relate nh?tTact mathc- 
miitical idcaR to ex|H?rinic.ntal Investigation ol natui^l phenomena.^ 

Modem scientific inquiry as such seema to hav? l>?gim with Roger 
Bacon in the thirteenth century. Leonardo da Vinci was indeed a 
voice crying in the Bcientific wnldenie-s? of the fifLcetUh century. 
Tycho Brahe’s tables of IGOl were a first step in scientific observa^ 
tion» By means of th?m one could tell Lhe position of the planets 
It (ook a Kepler (1010) to see in them the three fundamental laws 
of planetary' motion* Kapler could then tell us whcris the planets 
would be. In 3 inches he conden^ the voluminous tables of Brahe, 
a tremendous scientific advaoerk 

And tlien came Newton! Whitehead says that science mum of agw 
that day with Newton in his garden. Einstein regards Newton^a 
lavfH of motion as expressed in differential equations as tlic “greatest 
advance; in thought that a single individual has ever been privileged 
to make,” He says further that Newton was the first creator of 
a cnmpreliEnsivej workable system of thcoiretieal physies. This one 
man, he continu^! mtellectual guidance to strlenca for 200 years.” 
ParhiipH no man, iheii or aloce, has known Newton^s scientific view¬ 
point as has his modem prototype, Albi^rl EIoMtein, who has done 
mure than any man to supplement his work. He says of Newton, 
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“He beliered that the baeic lawa and concepts of his system could 
bo derived from experience. This is the meatiing of ^hypothtaei 
mm. Ncwton "wrb uncomfortable about absijlutc spacer abso¬ 

lute refit and action ut a distance^ since he found no basis for them 
in oxpt^^ienco. The suceosees of lus theories prevontod discovery of 
the fietitious character of bis foiindaiimis.*’ 

Daniel Bernouli (l?00) following shortly after Newton has been 
called the founder of uiathematical phyaica. 

From this era dates the origin of organic chemistry. Lavoisier 
(1743-^1) transmuted alchemy into b rational lienee. Perhaps, as 
his jmigtw said wbwi he fared the guillotine) the republic had no 
need of savants.” Certain it is that eliemktry had great need of 
Lavoisier, 

Matbcmatica through tlie calculus as we know it today was shaped 
largelv by tlie hand of Euler (1707). 

Sedgwick and Tyler slate in their history of science that at tire 
hegiiiiiing of the nineteenth century general phyaics and chemistry 
were “still in the pi-climinary stage of collecting and cceirdinating 
data, with attempts nt (|uantitativc interiirHtation, while in their 
train the natural sciences were following somewiiat haltingly.'^ 

Qeikc adds tbai. at this time “geology mid biology were not yat 
inductive sciences.” 

But the stirrings of science in the eighLeuiilh century projected 
themselves into the nineteenlh, Diilton (1803) with his law of 
multiple prinKirtiotts for the form at inn of compounds supplied the 
first scientific approach to the atomic theory. 

LyeM with hla publication of bis “Principles” in 1830 reiaed 
geology to the dignity of a sciencja. 

Biology was admitted to tlie union of Ecieiices in the Victorian age 
through the efforts of Darwin, Slieneer, Huatiey, Wall are, and others. 

By 1850 the older universities had fomided scientific schoolii. 
Acadcnilea of science began to be formed. The public by the open¬ 
ing of the twentieth century was science-iuinded. A new era was 
about to dawn. 

This new ere took the form of a new conception as to the Bimciure 
of matter. There were significant undencurrente in the world of 
physics. Sir Humphrey Davy made what he called hia greatiart. 
discovery) blichael Faraday, haraday (li9l—106’7) discovered the 
principle of magneto-electricity, and originated the electromagnotic- 
fleld theory. The world was little aware of these tremendous hap¬ 
penings. Even at a time when the Atlantic cable was in operatinu 
Gladstone could {and did) ask Faraday whether electricity had a 
use. And Faraday replied, “Wliy Sir, there is every probability 
that you will soon he able to tax it,” 
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In 18&0 MiixwcU plllc«^d a mttihcmatical support under Farjuliiy^^i 
thcorie^T to bo followed hy the esiwrinnnital verification of H<rrtz. 

fJouia (1313-30) found a meclianicnl cquiTalent for beat^j namely, 
energy, giving the world the first law of LheruiodynaiiiiE^a 

Pknk gave a daHcriplion of radiation as incapable of emission in 
aught but units, the quanta. In this quantum theory fractions of a 
unit of energy simply do not exisL 

Dc Broglie and Scbrodinger combined the energy theory of Eintsteiti 
with die quantum theory of PJiitik and compelled the joint wave- 
particle Tiew of the atom. (Since then the physicist has been acciiHvd 
of teaching the wave theury on Monday, Wednesday^ and Friday, 
and the particle theory on Tuesday, Thursday^ and *^turday.) 

Heisenberg iirc^claiuiod the doctrine that nature abhors not a 
vacuum so much as it does accuracy and precieion. 

Dirac extended the uncortainty principle of Heisenberg to the 
entile realm of atomic physics. 

Pauli famiBherl ub w[i h LlIh exeiuKJon principle. 

Millikan and Cameron gave us cosmic radiation. 

Minkowski offered liis space-time world. 

Einstein supplemented the Newtonian mechanics, proclaimed the 
mvariunoe of natund lawa in inei'tial Hy^tems, Liio constancy of the 
Telocity of light, the abandonment of simultaneity, the identity of 
moss and energy, claimed absolute motion incapiilile of dotectioii, 
related time and motion, connected space and matteVp Gravitation, 
that mot^t eJnsive of ouuoepts, appeal^ as the curvatuie, or crum¬ 
pling, of a spaoe-time continuum. But the electromagnetic fields 
wore not expressed in the field equations of general relativity. Laii^r 
come a field theory in which gravitation and electromagnetic radia¬ 
tion were welded together. Only the expression of die atomic 
structure in terms of the fiBld tlieory was, and still is, missing. 

Here we are, and whqt a long way we have come. Let ua ^xnuiin^ 
some of the high and Icwv places along die path. Let ns see again 
something of the view from a few of the peaks and depre^ona along 
the way. Let us inquire of Mathpiiiaf ics, llie guide in this long and 
ffi^inating journey. 

CONTINUITY 

Perhaps we never reali^ its subtlety until wc really try to find 
out the meaning of canlinuity. The writer of radio script tises the 
term to refer to his product- We have heard his programs. Can 
such on idea be hedged about with difficulty? Aa k so often the cose, 
an uuderBianding of the concept implifs an underfitanding of its 
opposite. The opposite of the continuous is the discrete. 

Long ago there lived an excellent gentleman named Zeno^ It was 
back in the time of tho Pythagoreans, 500 years before Christ. This 
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Zeno Haw the conflict between thwe opposites, and used wlmt he saw 
to deny tb© posHibLlity of motion, to diBcourage placing bete on 
Adiillea in his historic race wlrh the tottoiso, and for other stnuig^ 
and bewildering purposes. Even today one dosMi’t just tush in to 
show where Zeno was wrong. In his antinomies are found tire l)al9ing 
ideas of the infinite, the deceiring implicstioas of continual diviri* 
hility. Down the years we trace these tliflicuhies like a coioreil skein 
in the pattern of ecieiitific thought. They face the scientist in his 
effort to understand the constitution of matter. Is this paper from 
which 1 read smooth and unbroken, or is it made of discrete particles 
bounding about hither and yon—* veritable bcehiref The physicist 
leans to tlic latter view. (This opinion may help explain the nature 
of what is being read from these pup!s.J What, then, aboiit action 
at a distance! How ure light, radiation, energy, gravitation con¬ 
veyed fmm here to there? Whsitt No eihcr i Con we have ether 
without continuity! If the ether is a jellylike loflaa, ia it not com- 
pos«ti of particles? If it is cumposed of particles, will not the 
quantum behavior of matter nullify the continuity of the action? If 
we have a continuous exciting cause, is it not strnnge that energy 
should emerge in units (quanta), or not at all? Are there no frac¬ 
tions? The physicifii. wiys, “No, no fractions," Pe Vries dainied 
tliat evolution proceeds by “explaeloTis.” But Darwin, Newton, 
Kant, Leibniz all believed in continuity. Plank’s quantum theory 
replaces a continuum of siates in nn issolatcd sy'^tom by a finite number 
of discrete states. 

The mathematician has been through—1 should say, is in—this 
same turmoil. He has never fully recovered from the Pythagorean 
shtick of the irrational. For a time it was (bought tliat 'iVeici'strDSS. 
Dedcklnd, and Cantor had laid the spectre, but the contrary views of 
Knonerker, Brouwer, and Wcyl on the calculus of lad bn ia and New¬ 
ton, the feeling that this calculus is making ^‘briclcs without straw,^ 
must at least have a hearing. The critics of continuity claim that 
nothing which cannot actually be constructed by a finite number of 
steps can hope to lend to a discipline free of paradox. They maintain 
that all analysis must eventually subject it^f to the domination of 
the positive lutegcr. Karl Pearson, one of tha nonmathcmatical 
scientists who dmres OiIk view, states the position thus, “No scientist 
Ims the right to use things unle^ their existence can be demonstrated." 

Some may meet these difficulties by what has been called “a con¬ 
tinuous but discreet silence." 

Certain it is that a Thomas Wolfe may write “Of Time and the 
River” with a much more glib assurance than uiay an Einstein. 

Simple things these—in time such a perfect continuity; in number 
such discreteness (I chuw near saying “diecretinn”), and in. tha 
shadowHnn infinity trying to bridge the gap. 
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CAUSATION 

iJeims maintains that the ^steady onwiird ao^v of lime is the essence 
of the eaiifie and effisct relftlion*^ ll la but natural^ theii| that 
(continuity is in questloUnt causation should take ibn place under the 
microscope of scieutTfic acmtiny* Tliere is more at issue than the 
mere post hoc ergo propter hoc argument. We are fro uhthI to dra’^* 
ing inferences from data, that it ia hard to realize on irbat 
(jTuundif many of our conelusiona rest. It is hard, Uhk to ste how 
wo may do intellectiial busiupws at all without the ability to infer 
effect from cause. The great seventeenth oenlury of Galileo and 
New ton enttiuniged the scientist to think of causation as something on 
which he could definitely rely* Ifmlem physiosi titkcs the position, so 
ably formukted by Tcarson, that causation Is intelligible only in the 
perceptual sphere ns '^nntecedenoe in a routine of aertse impTes&ions^^ 

With the precision of measurement in ^rtudjing natural phenomena 
came the reuliy-atiun of the statiHticiil churacter of those measure- 
mental Into the ralatioos connecting the tmmberH a rising in Hiir 
way began to enter qiiejd.iona of douht, Tlie deacriptiona of the phC' 
nomena exhibited by tho relations were seen to be more exact timn 
the uncertainty of the data wnrmntwh It bppjin Jo appear that tlio 
descriptions described little utore than what Weyi has called ^^statisti- 
cal regularities.” Peareon has put it thus bluntly. the order of 
perceptions no inherent necessity ran be demonstrated * • • 
necessity has a meaning in the field of logic, but not in the iiniTerse 
of perception ♦ * • causation is neilher a logical necessity, nor 
an actual experience.” 

This position seems at first glance to be at variance with the 
thiK, thf.n that” of tmithemnticai di«ciplineR- The CJiiisation which 
mberesin logic, whose presence wc so naively hope for in our scientific 
thinking, seems actually to emerge in the bmete of the mathemati* 
cian* How, then, may the seientist fit data patently sUitkticai in 
character into mathematical fomi, clearly nnnptntistical in character 1 
If, as Pearson claims, ‘Si:u>ntiTigency and correlation replace causation 
in science,^ how does the mathematical equaHon tell us a true story of 
natural phenomena? Pearson answers this in part by soying, “Con¬ 
tingency 13 expressed in a table with ccll-dota forming o band. This 
band viewed through an inverLtsl telescope give^ a curve* This curve 
Ls the mathematical function.” 

In the language of the miiLhcmatician, the Bcientific relation ap¬ 
proaches the ttiatheinatical formulation asymptotically. Perhaps a 
more nearly correct Statement is that both the scientific data and the 
mathematkai dcscriptiou near each other in a process of euccessive 
approximation which would warm the heart of a Pnincaro. 
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Altbou|rb many aciestists fwl, wUh JiiianA, that the adveot of 
Plank a qiiaiituiii mechanics has dethroned continuity and causation, 
they in large measarc share his belief that the appeal to a purely 
statistical ksais tnay h« a doaJc for ignorance and that cause and 
effect of an unknown character may actually be in oiteration. 

DETHRlirNTSM 

One would «Ap€?ct that questions about cause and effect ehatilil liaw 
philt^phical implications. There nriee tho old questions of deter- 
miiiiioii and freodouL Determinism, according to Danteig, “consists 
of the assumption that, giren. any natiii'al phenomenon, the Tarioiis 
featured that diaraetcrizc it are completely detennined by its ante¬ 
cedents. Tlic present knowledge larjuiL^ prediction of tlie future 
couiBe.” “Each eaLeiision of the law of caueatiou,'’ says Jeans, 
“makes belief in freedom more difHcult-*’ Pearson claims that “our be¬ 
lief in determinism is the result of supposing samensKS instead of 
likeness in phenomena.’^ Eddingtcm asserts that “physics is no longer 
pledged to a Htrlieme of deterministic law.” Wlien asked why on« 
magnet repels another, Whitney rej^Ued, “By tlio will of Ood,’* and 
added *^ieiice can enslave us, or it can make us free, hut It ia ive who 
make the choice.’’ Others bnkl tlie view tliat our bodies and our 
minds are as physical as inert matter, made of the same cbemiral dp- 
menta to be found in the remote stars, subject Ln the same inevitable 
Taws; that the same determinism which holds for them holds also for 
tis. Compton, speaking at the University lajd N'ovrmber, refuted the 
claim that man's actions depend on physical law. But he claimed it 
a vital question for science to find out whether man’s act lorn are 
dotenuined; and if so, by whnt factors. Me maintained that it Is no 
longer jiistihiible to usl^ physical law as evidence against freeibiio. 

Into this confused picture comes matbematicit with its Taw of aver¬ 
ages and its probability theory. Almost within the Inst decade the 
uncertain ties »f the situation have been amplified by Heisenberg into 
un Uncertainty Principle, which says, “To any mechanical quantity 
Q there corresponds another quantity P in sijch a way that tbe 
product of tbs uncertainties in our knnwlerlga of and of P can 
never be less thtm a certain constant A, Plank’s cmiKtant; lienee the 
more accurately we determine Q, the more ignorant we are of P” 
In the Newtonian mechnnics a knowledge of the position and of the 
velocity of an electron at an instant determinas the future position 
of Uiat electron, but Heisenberg a-ssurre us that we can never know 
both. The more accurately we deterinmc the position, the leiss accu¬ 
rately wo know the velocity; and vie* versn. Tliis concept of un¬ 
certainty seems to put the coup de grace on determinism. But who 
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shall say that the very law of averages which replaces determinism 
may not itself be as great a despot as the dictator which it displac^f 
May there not be still a new determinism dominated by probability, 
just as there may be a new causation whose source is unknown to usf 
Or shall we, with Compton and others, align o^selves with freedom 
because, as he says, find reason to believe in freedom, and wish 
to find whether such freedom is consistent with the recognized laws 
of physics.’’ It would be a fine irony, indeed, if science, the greatest 
liberator of men’s minds, denied to itself that freedom which it has 
so unstmtingly given to mankind* 

LAW 

This outlook brings us to consider our ideas of law anew* When 
we say law, what do we mean? Do we think of brass buttons and a 
uniform! Do we think of statutes to which as citizens we owe 
obedience! Do we think of natural law, such as Newton’s universal 
law of gravitation, or of mathematical law, such as Gauss’ law of 
quadratic reciprocity, or of the philosopher’s definition: “Law is 
Unity in action difference”! 

Weyl tells us that the mathematical lawfulness of nature a rev* 
elation of Divine reason*” “The world,” he says, “is not a chaos, but 
a cosmos harmoniously ordered by inviolable mathematical laws*” 
We speak of Boyle’s law for a perfect gas, of Kepler’s three laws of 
planetary motion, of Dalton’s law of multiple proportions and many, 
many other laws. The scientist maintains that his chief concern is 
the discovery of nature’s laws. Just what does he mean by that! 
Is civil law one thing, and natural law another! Does law mean 
one thing to some of us, and quite another thing to others of us! 
Or, is there a philosophic pattern behind all law? 

In trying to understand the world we live m we observe and we 
experiment. We assume the validity of sens© perception. We as¬ 
sume that normal human beings observe and experiment in much the 
same way. If we have ever listened to witnesses testify in court, we 
know just how much of an assumption that is. And furthermore, 
what, pray, is a normal human being? Many of us feel that all the 
knowledge that we obtain of natural phenomena comes through the 
senses, despite Pearson’s continued insistence that in thinking we deal 
not only with sense impressions but with stored-up opinions of for¬ 
mer sense impressions. We measure with all the uncertainties at¬ 
tendant thereto; we think, or try to, amid all the doubts above 
mentioned as to continuity and causation and detenninism weighing 
upon us. How in this atmosphere can we get at law? 

The mathematician stands serene in his confusion. To him law is 
simply the matter of an invariant under a set of transformations. 
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This invariant incorporates the unity, if any, present in the difier- 
ences of action in the situation in question. This unity aiawers the 
question as to how we may see the permanent in the transitory. The 
scope of it tells us how we may see the general in what is partic^ar. 

In civil law we have to make the statute. Whether we like it or 
not, that statute may be broken. Still in the changing pattern of 
civil law the statute formulates what unity is possible in the diversity 
of action which it seeks to control. In natural law these differences 
in action take the form of the great dissimilarities in observed phe¬ 
nomena. The unity is the common part, if such there be. The 
natural law expresses this unity amid the action diffei'enoes. Its 
form is never final until it partakes of the form of the mathematical 
invariant. 

POSTDLATION 

Reflections on the nature of law bring forcibly to our minds the 
postulational character of our thinking. We do well to examine the 
meaning of our most fundamental concepts as well as the lines of 
argument leading to our most important conclusions. Every science 
has its undefined terms. Aught else is an infinite regression. When 
analysis fails, we rely on the properties of our concept to define it 
for us. In setting up the discipline for a science, some of the prop¬ 
ositions must be accepted without proof for similar reasons. The 
criterion for choice is simplicity. This is not as simple as the name 
indicates. By simplicity, as used here, is meant logical simplicity. 
As Einstein so aptly words it, “By ‘simplest’ we mean that system 
which contains fewest possible mutually independent postulates, or 
axioms.” This attitude of modem science is far removed from New¬ 
ton’s hypotheses non fingo. It is an attitude imdoubtedly provided 
by the mathematician. Einstein continues, “Nature is the realiza¬ 
tion of the simplest conceivable mathematical ideas. I am convinced 
that we can discover by means of purely mathematical constructions, 
the concepts and the laws connecting them with each other, which 
furnish the key to the understanding of natural phenomena. Exper¬ 
ience may suggest the appropriate mathematical concepts, but they 
most certainly cannot he deducted from it. Experience remains, of 
course, the sole criterion of the physical utility of a mathematical 
construction. But the creative principle resides in mathematics.” 

Such a postulational approach to mathematical thinking was seen 
by Euclid insofar as our inability to define satisfactorily all our 
terms. The fact that even a mathematician cannot prove every¬ 
thing was not formulated until Pasch, almost in our own time. Now 
the necessity of a postulational approach to hoth definitions and 
theorems is a universally accepted tenet of the mathematician. 
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SYMBOLISM 

Whether we agree to this postulational so-called simplicity, we 
can have no doubt of the existence and efficacy of symbolism in both 
mathematics and the sciences. The desire for constmctibility, so 
ably championed by Knonecker, has found its way into our search 
for an understanding of the nature of matter. We hear Lord Kelvin 
exclaim that he “can understand nothing of which he cannot make a 
mechanical model.” To meet this desire we have the dynamic Ruth- 
erford-Bohr model of the atom and the static Lewis-Langmuir model. 
But we are told these are too simple and definite to be regarded as 
other than intellectual conveniences. The ether is symbolized for 
us as a jellylike mass with remarkable properties. We are warned, 
however, that the universe is not completely picturable in a graphical 
sense. Radiation and gravitation elude such a mechanical descrip¬ 
tion. We speak of particles and waves as describing the behavior 
of light and radiation, but we are reminded that the electron is 
only a symbol for convenience of speech. Eddington tells us that 
matter and all else in the physical world has been reduced to a 
“shadowy symbolism.” Wlien we ask what the symbols stand 
for, the reply is that it doesn’t matter. (One is reminded of the 
story that is told of Professor Lefevre, of the University of Vir¬ 
ginia. He is said to have greeted his philosophy class one fine morn¬ 
ing with the startling pronouncement, “What is mind? No matter. 
What is matter? Never mind.”) “Physics,” continues Eddington, 
“has no means of probing beneath the symbolism. Nor does one 
have to undei-stand the symbols. What we have to understand are 
the conditions to which the symbols are subjected.” The symbols 
themselves are dummies. Any other w'ould do as well. 

The mathematician is thoroughly in accord with this use of sym¬ 
bolism. He has likened his subject to a game of chess. The rules 
of the game play the role of postulates. In such a game Bell tells 
us there is no question of “truth”; there is merely a question as to 
whether the rules have been complied with. To Hilbert mathematics 
is “a game played according to certain simple rules with meaningless 
marks on paper.” 

PREDICTION 

We have heard of old that a prophet is not without honor. For 
the man in the street the ability of science to predict the future 
holds a particular fascination. He is thrilled by the storv of an 
Adams and a Leverrier working apart, each computing from the 
perturbing influences of an unknown source on Uranus, the position 
of a new planet, Neptune, just 52 minutes from where Galle later 
foimd it. He reads of the electromagnetic waves predicted by Faraday 
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and Maxwell and rerified by Herte. He has heard of the more recent 
prediction by Einstein of the shift toward the red end of the spec¬ 
trum, caused by the deflection of light in a gravitational field, verified 
in the solar eclipse of 1918. These and many others, such as Men- 
delejeff’s prophecy as to the discovery of gallium, scandium, and 
germanium, and such as Hamilton’s prediction of conical refraction, 
have cast science in the role of one of the major prophets. Even 
Pearson concedes science the ability to predict, as well as to d^ribe. 

Mathematics provides in its differential laws a pattern for these 
predictions. “A differential law,” says Einstein, “tells us how the 
state of motion of a system gives rise to that which follows it in 
time.” “If we know how the velocities and accelerations depend 
on position, we can trace out the past and future of our universe,” 
says Pearson. This is done by means of differential equations with 
proper boundat^ value conditions. The chemist does it when he 
predicts the position of the electron in its orbit. The astronomer 
does it when he predicts the position of the planet in its orbit around 
the sun. Despite Heisenberg’s uncertainty as to our abUity to 
measure both position and velocity, the schedules of the planets are 
much better known than are those of the crack Chicago to New 
York trains. 

INVENTION 

Science is known to many only for its inventions. Much of its 
popularity with the masses is due to the added comforts and en¬ 
joyments with which it supplies them. Their eye is open for the 
so-called practical things of science. The auto, the radio, and the 
thousands of gadgets which give us our arm-chair civilization, endear 
science to the heart of the multitude. 

But this has not been the path of scientific progress. These things 
have usually been but byproducts. Hertz little thought when he 
verified Maxwell’s electromagnetic waves that he was laying the 
foundation for radio. Perhaps as often the practical leads back 
into the fundamental principles, as do the principles lead to inven¬ 
tion. Again, when the scientist thinks himself most theoretical, he 
may be near a very useful practicality. “Indeed,” says Kichards, 
“the developments of the wave mechanics now in progress may be 
fraught with graver practical consequences for humanity than the 
approaching commercialism of television or rapid transoceanic pas¬ 
senger flying.” 

It is an old story to the mathematician, whom the cry of “prac¬ 
ticality” fails to arouse. Archimedes, tracing his conics in the 
sand when Marcellus’ soldiers snuffed out his genius, had no thought 
of a Kepler using them to describe the paths of the planets. Argand, 
Gauss, Wessel in their abstract imaginings about the complex num- 
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ber littls fiuided tJmt they would later in the hiujdH ut Maxwell 
place a firui footing under mndeni electrical thoorios. Kiemann, 
Caylevi and Sylvester had no thought that they were preparing the 
way for £iinstoijn Sturm and fniou villa had no concern for the 
wave mechanics of De Broglie, which their rwearchers made pos¬ 
sible. The meditations of Cayley appear in the modem theories of 
Heisenberg and Dirac. Fermat, (rauss, Do Moivre, Pascal could not 
possibly have foreseen that their pmbabiUty theory w'ould one day 
revolutionise physics. Indeed, the theory of today is so often the 
practice of tomorrow. If it were not, it would be no great matter. 
But, as Philip has said, ‘^it is only against tiie background provided! 
by the pure resean:h of yesterday that the teehnieal problems of 
today can be viewed in their proper setting and tackled with a reason¬ 
able prospect of success. Work in the pure sciences, however remote 
from the practical issues of the moment, is building up s reserve of 
knowleilge und technique fat futm'e workers to draw on.’* 

COSMOOO>Tr 

One of the reaeous why one ettidJes inathpniatica and tlie scieticea 
is this: to obtain a hotter understanding of the world in which ho 
dnds tiim»elf. As the sctencea and mathematics have developed, so 
have developed our views of tlie cosmos. To primitive niatt who 
thought of hiniself as the center of tho universe, to men who with 
Ptolemy regarded the earth os the center, to men who with Coper¬ 
nicus placed the sun in this strategic jmsition, the cosmos presented 
a very different view. This view colored many OKpecta of their 
t hinkin g. It led to the farmuiutiun of a very different philosophy 
of lifa. Set much sio that someone has said '^tell me a man’s vievr of 
the Universe, and I will tell you what sort of man he ii" Tliere 
Iiave been religious upheavals attendant upon miLn^a change in his 
views of the world about him. In our own day his view is suffering 
wluit i« perhapsf its greatest change. iJot only has the sun been dis¬ 
placed from its central position, but in its place nothing has been 
substituted. We are told that there is no known center; no refer¬ 
ence frame in which to orient a path in the cosmos. We liuve myste¬ 
rious cosmic rays beating down upon us from an unknown source 
with unknown effects. Out in an unknown place somewhere, Milli¬ 
kan siuipccts cosmic radiation nisiy bn rebuilding matter_an inverse 

phenomenon never dreamed of until onr time. These aro tremendons 
dkturbances in man's view of the coamns. That there have been no 
attendant religiouH disturbances is a conapicufius testimonial to intel¬ 
lectual freedom. The lay world is becoming accustomed to regard 
almost os comjnonplacs views which former ganerations held to be 
impo^ble iu wune instances unintelligible. That, tlic world can 
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achieve this traudtion qoinplai:?ently ts liue in largo port tc the totigii 
intellGCtuiil fiber prtivided by mathematics and the scicncea. 

SOCIAL IMFUCATTOK 

Emstein assarts that “concern for man bunscLf and his fate must al¬ 
ways form the chief interest of all teelmical endoavong * • ♦ in 
order that the creations of mr mind» phall l>e a blessing and not a 
eurso to manlrinii” Tlmt acientific findings have the potential iiy 
of b^cmiiing tJie latter is the thought of many at tliis time when mod¬ 
ern warfare threatens the very existence of civilisation* May not our 
very scientific endcarors prove a FmnlcGnstein ? It has even been 
ijugge^stcid that Hcjenre take a holiday in order to let the rest of th« 
worldj particularly the world of good will, catch up. But, as Hill 
has pointed out| the scientist is after all a human being. Can he 
Imnw which of his discoveries will he put to harmful ends! llanldnd 
must ieain to take the good and the bad together. is ironical 
says Gregory, “that greater productivity through itivention fdipuld 
bring more distress an^ uncniplDymant rather than an increase in 
human welfare.” Soci 4^ progress has not kept pace with sdentifie 
pragrej^^ Kuh^H take^ the j>Dj^tion that if mankind were rational, 
his conquest of nature would increase his happiness and well-being* 
“Only kindnciiH,” ho sayjs, savG tiie world, hut if wb knew 
how to produce kindliness, wc should not do so unless we were Idndly*^^ 

This dilemmai many believe, enu^ by our failure to apply to 
social and economic problmis the same intelligGnt analysis lliat has 
been applied to scientific problems. They assert that scientific think¬ 
ing is definitely siti a plaiiii almve thinking in other fields—and that 
thk explains the fact tlmt seknoe has outdistanced nonscicncB. The 
ideal of thinking is presented in the perfectly welded chains of mathe¬ 
matical proafsL The sciences approximate LIiIh norm more clnsely 
tlmn do the nonsciences. Social^ as well os scientific progress, comes 
with the finding of trutli. Tlie put turn fur tlie seiarch for tnith iw 
mathematical thinking. 

FAITH 

One rarely thinks of fidth as an element essential to tlio scientist. 
The sciRTitist is by definition one who knows. What net^l then can he 
have of faith f Stark Twain says that, “Taith is believing what you 
know ain^t so*” Somewhere Hiiaire Belloc exdaimB, “Oh, one shoold 
never, never doubt what no one can be sure about.” Dogs this levity 
contain some truth? Does not the worker with facts need faith as a 
&ort of whistle to keep up hits courage? If lie is never really sure, does 
he not need faith to bolster up this insecurity! Or is it tliat a calm, 
pervading faith is one of the necessary twli? in the idt of the scientist? 
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Hiat die latter is the attitude with which tlie ftcieiitist should ap¬ 
proach hie Uiik we are assured in the retiring addr^ of Presiileut 
George D. Dirkhoff, of the Ajnericau Association for th« AdraneemcTit 
of Science, deUrered this past year at the Christmas tnccdug in Rich- 
moni There one of Aiiiericu^s foremost matheinaticiuns spoke to 
America'H ^i^ntists of the faith that is his^ It b Siting that we here 
try to catch an OTertone of tliat meeting. 

Air, BirkhofF claimed that whether it is the matheruLitician dealing 
with number, or the physicist with matter, the biologist with orgnniamj 
the psychologist witii mind, or the sociologist with soelal valuis, there 
is behind one and all an inlierent faith guiding the reasoned super¬ 
structure which tliE-y create upon intuitional concepts, Wliethflr it b 
the mathematician's belief in the cisistenir^ of indnite dassoa, the phys¬ 
icist's belief in tiio prewence of a discontinuous process at work in 
the theory of radiation, the biologist's belief in a vltalistic theory of 
life, die psychologist’s litlief in a physiological accompaninjent to 
every ps^ychical fact, or the sociologi^'s Wlief in Koeiclnl proget^, 
Birkhoff em[)hnsis£es faith nm an ^'lieui'isticallj valuable, more gtiticml 
point of view, beyond reasonj often in apparent contradictioni 
which the tiiinkier regards as of supremo importance as he endeavors 
to give his conclusions the greatest possible iscoiie,” 

Some think that there ia an opprobrium attached to any belief, that 
belief and science are mutually ciclusive. Do these same pet^pie believe 
in the proesi^^ of logic 1 Do they have faith in the mtionolity of the 
human mind, in the Bmiilarity of the perceptive and reaaonitig fac¬ 
ulties of nornui], oivHiaed beingsi Is it not in their code that nature 
is orderly, and thnt there are spiritual values underlying material 
facts? 

tXlNCLUSION 

In the foregoing we have traced in broad miUiiiB thB advance in 
scientiSc tJiought from the earliest time down to the present Wo 
have pictured the scientist jounioying down this path with his guide, 
the matliernatician. We have noted Some of the scenes from certain 
plateaus and valleys in the path. Continuity, esusation, deter- 
minisDi, law, tlie pontulational method, symbolism, preditlion, inven¬ 
tion, cosmology, social implication^ faith, have passed in review. We 
have endeavored tu point out how the guiding hand of the niatheiua- 
tician haa aided the iTaveler along the way. The physical aspects 
of science, particularly tliose relative to tlie stiiicLure of matter) hovo 
been stressed becauae they are better known and because of the iiiajor 
importance of matter oa ^tlie building blocks^ of the tin i verse. Theto 
has been no dispoHition to indulge in prapaganda for matliematica;. 
Mathematics^ rie^5 no *'salcs tolk^* to tlie seiontiEt. It has been rather 
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an effort to understand its function in the domain of scientific think¬ 
ing. This relation seems to be much like that of the guide to the 
mountain climber. Hardly could a guide be better fitted for his 
tnslr Bound to the traveler by a philosophical bond they rise or fall 
together. The assistance is by no means all on one aide. Many are 
the instances in which the problems of the scientist have enriched the 
theories of the mathematician. Many are the instances in which the 
theories of the mathematician have aided in the solution of the prob¬ 
lems of the scientist. The equations of the mathematician are re¬ 
garded by many as the only language which nature speaks. Helm¬ 
holtz expressed this thought in the words, **the final aim of all na¬ 
tural science is to resolve itself into mathematics.” Jeans has this 
in mind in his statement, “all the pictures which science draws of 
nature, and which alone seem capable of according with observational 
fact, are mathematical pictures * * • the Universe ^ems to 
have been designed by a pure mathematician.” Even Galileo back 
in the beginning of what we are pleased to call modem science said, 
“Nature’s great book is written in mathematical language.” White- 
head maintains that the aim of scientific thought is, “to see what is 
general in what is particular and what is permanent in what is 
transitory.” In this vision science utilizes the general abstraction 
of mathematics and adopts its theory of invariants. The concept of 
progressive change is basic in the study of natural phenomena. This 
same idea is the mud sdl of the calculus. “With the calculus as a 
key,” continues Whitehead, “mathematics can be successfully applied 
to the explanation of the course of nature.” Wlien classical physics 
suffered the impact of the Michelson-Morley experiment it was forced 
by its own findings to reexamine its foundations. “In this emer¬ 
gency,” to quote Dantzig, “it was entirely due to the flexible mental 
apparatus with which the mathematician supplied them, that the 
physical sciences have at all survived this drastic revision.” Eich- 
ards asserts that “when we reach the core of physical reality, the 
truth is presented in mathematical equations.” Weyl claims that in 
the long ago the Pythagoreans held that the world was not “a chaos, 
but a cosmos harmoniously ordered by invariable mathematical laws.” 
Jeans expresses it in the words, “Nature seems to know the rules of 
mathematics as the mathematicians have formulated them in their 
studies without drawing on experience of the outer world.” 

We come now to the end of tonight’s account of this amazing jour¬ 
ney of the scientist. In saying farewell to our scientific traveler we 
hear that insistent injunction from the mouth of his guide, so aptly 
put by Dantzig, “Read your instruments and obey mathematics; for 
this is the whole duty of the scientist.” 
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new Wtrfli an4 dm^opmentM of iciTfflCc.'^ 

The story of the clectricsl industry is one of growth in giant, 
breath^tiiking strides and groat teclitiical adTonccs. Turbine- 
generator units hanc progressed to the stage where ratings of lOOpOO 
tr.-n. at 3,600 r.p.m. and 800,000 kv,-a, at 1,600 r.pjn. can now be 
built. Hydraulic generators, the aiiio of which may ultimately be 
limited by manufocluring facilities beciiiise of their large diameters, 
Iwvo exceeded 100,000-kw, niting. Efficiencies of some of the large 
hydrogen-cooled turbine generators, s^chronoua condensers, and 
frequency changers have approached 99 percent in indiTidual units. 
Transformers have incrcHsed to present-day nitinga of over 160,000 
fcv.-a. per Iwnk, and efficiencies of well over 09 percent have b™ 
roalized. Circuit breakers are capable of interrupting several iniUion 
kilovoU^arapercfl—equal to that of the ghcut-csrcuit capacity of isnne 
of fJiB large interconnected eyslwna- Lightuiog arreatera * are avail- 
able with aiifficient capacity to handle » direct lightning stroke of 
over 100,(XX) amperes and 3 fel limit the voltage to safe values. 

Behind this growth, the rate of which has shown no diminution 
since th« birth of the industry, lies a signifirant, implant fact. 
TTio indufftry has consistently aix'cpted and adapt^ tit its own use 
the new ideas and developments of science. In fact the industry has 
fostered and encouraged fundamental research to the point that the 
research lalioratory has become on integral part of tbe industry 
itself. It oitjo recogiiiaflS the value and importance of the scientific 
accomplishmenta of the universities and other research institutiona, 
and maintains a close contact with their work. 
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JUthDKi^h the ifiduKtnal liaa tfii^ bafiic element 

in the clcetrical industry^ the manner by which its fruits are put to 
pniciinU lu^e ig cotnplfLt- Not only tberw Tnany wayjj by which 
a new idea is trnnsfoniried into a practical thing, but also there are 
many problejns in CfMinef^ion with making the fullest iisei of Boirntiljc 
effort. These ways and these problems merit a closer emmlnatiom 


EFFTCrENT USE OF SCtBKCE PBESBOTS llAm PEOBLEJlfS 


The task of the industry is not only to uncuver new principled mnd 
make new discoveries^ but also to determine which oni^4^ can be put to 
practical, prohUble and how. It is difficult to recognize the 
potential value of new discoveries and to determine at an early stage 
the possibilities of applying them to industrial proceaued and 
products. 


THE PROBLEAt OF TIXINO 


The rate of application nf new ideas is not dependent solely upon 
the time necess^ary to oonceivc and dev^elop th^m. It is also influenced 
by the time i^uired for public acceptance. Household refrigeration^ 
the b^ic principle of which is very old, required a relatively long 
time for both ins! rumen tali ties and public acceptance. KumcroUH 
prohlcmH had to be solved in Llie commercial development of such 
items as suitnble refrigerantSi seiilod comprewwnr shafti^ or the alterna- 
five nf hemetkalJy sealed unit^ systems of proper lubricatioD that 
would be efTecliva for a period of years, eLLuiinatiuji «f noi^, quan- 
I ity-prodiiction methods such as previously developed in the 

automobile industry^ elect ric-welding methods, and many other iteniH, 
incliiillng even such things os a system of timn payments. 

During tlie first two decades of radio the efforts of radio engincera 
were directed toward developing methods by which radio could be 
used as a means of private enmmumcation. It remalniKl for a new 
idpu, the opposite of this notion, to allow radio to ctssiune its present 
statute, l^blir HccrpUnce of radiobroadcasting wii» almost instan^ 
taiieoiis. This case is an exception lo the rule that the exploitation 
of new products utnl devices usually results in uupmlhable operation 
for prolonged |ieriods. 

Tlie coarse of carrier curitsnt* also supports thk point Tn the 
middle 20's carrier current came into succeKsful use for communica- 
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tion nlong traiisanissioii lines. Then cairrifi si quiet period of WTeml 
vsiTs in its doTelopment, ftillowed about 1^5 by tin inteiiKified bo^ 
tivity which shows no signs of any unmBdiatH slackening. The neoil 
for high-HiMed rclfljlogof long line#, Llie development of botler tubesj 
and other changes in the industry Hpurred engineers to adapt the 
fundamentals of carrier current to relaying and supervision as well 
os communicatiDn. 

Spot welding has been n practical, tliough limited, induetriai tool 
for many years. However, some 6 or 8 years ago, the idea was con- 
oeivwl of using the ignitron ‘ to control eiftctly the duration of the 
welding curretil. Since that tiino, spot welding has grown enor- 
mouely both in total use and in diversity of appUentiona, The ig- 
nitron, incidentally, was originally developed not with welding in 
mind hut to incrct^ the reliability of mercury-arc rectifipi#. 

Tnr. raoaifSi or onsotE§ciN(.ai 

The industrial lahomtory poses the inesorabk problem of obsoles¬ 
cence. Fortunately the leaders of lUa electrical industry have taken 
tho far-sighted view tlmt, in order to make Bnuiul progiesa, the seem¬ 
ing ruthlessness of obsolescence must be accepted. Unless one has 
studied the rates of development and consequently the mtea of obso¬ 
lescence, it is seldom realized how’ rdentlesa is the march of progress. 

A plant that is modem tialay may bo out of date tomorrow. As 
» matter of fact, the moro progressive ootnpaiiies attempt to antici¬ 
pate obsolescence. Capital Bspenditurcs arc made on the basie of 
the tiniB at which the new plant or equipment wull be obsolete, not 
when it is worn out 

The discovery nf a new fact in science may compleLely upset an 
existing design. Even though the style or performance nf .t product 
may not be greatly modified, the practice of the art or process by 
which it ia produced may be radieHiJy changed- With the attcp rise 
of welding not long ago, in a few short years the metbcMl of con¬ 
structing most large macliincs swung from casting to welded fabri¬ 
cation. Tfeither the appearMiice nor tlic performance of the machines 
was fundamunloUj altered by this change; the principal motive lb 
economy of time and of construction cuat. 

Itbehoiivea all managements to keep themselves keenly alive to the 
necessity of meeting changae resultiug from progress. Of all com¬ 
petition, there is none quite w nithiofw oii tliat which rephees. Wa 
all can remeinlier that during the early stages of radiobroadcasting, 
Severn] plants rapidly grew up for the making of radio hoadsots. 

^Tbt L( 9 )rr«D b * ipwbi i^rm of th? m«retuT'fcM Mctsair. md b paonllf m* 1 ta 

«an?lrt ■.ItFmitiiut <riJrKaI W difwt fur«aaL 
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The dtvelopiQOiit of the load-?|ieabBr practically ruined this active 
businiwa. The early sets used raccuum tubes supplied by direct cur¬ 
rent, fctjuiriug plate and filament batteries. This created a heavy 
pRxIuction of dry batteries that was gubawiuently curtailed by the 
deveiopment of plate-battery eiimuiutorsL Latcr^ the dcTelopmant 
of the oopper-oaide rectifier eluninated the upe of tlia storage bat¬ 
tery for filameiitSj and still later, the derelapnicnt of B.-e* tubes an 
completely chan^d the design of radio receivers that it tendered 
many laventorirs and factory equipments obsolete. 

The most recent step iu this evolution—and one that fllmwa the 
cyclic character of many jiuiustriaL devdopments—is the battery- 
operated portable set that has suddenly become so popular. It is 
additionally significant that although a tube development displaced 
tliB early bittery set| another development of tubes brings the bat¬ 
tery bock—the perfection of a tube that operates successfully on IVh 
volts:. 

Tills last development also shows the rewards from the policy of 
letting the obaoiessoenoe caused by science take its seemingly ruthless 
course, The new battciy-operated radios do not offer new competi¬ 
tion for establislied tyj^H of radio sets, but instead simi>ly create or 
uncover an additional dtsmand for radios. The demand for batteries 
and for tubes proinises to reach an all-time peak, 

Similar successive steps of development occurred in illumination. 
A large kerosene-lamp industry was rendered obsolete, particularly 
in metropolitan districts, by the coming of the jEfas mantle, It, in 
turn, was replaced by the electric lampo. Kow u new family of 
lamps—the gaa-diaoliargn Limps, which include sodium-vapor, high- 
pressure mercury-vapor, and fluorescent units—with c^icncics ^v- 
eral times those of incandescent Inmpa, have demnnatrated their 
praclicJihility. It is a(ili too soon to predict to what extent they will 
become the universal illuminnuts, but ihere la timra than b hint that 
illurainHtit evolution is not at nn end. No one in the industry thinks 
for a minute that the more efficient light souniva presage a decrease 
in the requirements for energy or efiuipment. On the contrarv, as 
in the past, this improvement should promote further expansion. 

I^’l>^JaTftY FINIIS MANY UENUPlTS FROtlf DltUANi;tl3) ItEftHAltCH 

The industrial laboratory has served the murch of electrical prog¬ 
ress in many ways. Not the least of these is that it liaa served to 
bring the scientist, the design engineer, am] tlie application enghieer 
into closer contact. They now talk the same language and use the 
same tools. Universrities are giving more attention to the training 
of industrial mientists, and within liie last few y-ears, important 
meetings have been devoled to discussions of (he application of 
physics to industry. 
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Tlie oooperaticin of and industrial soi'antific effort ha& 

also contributed much to the progress of development fay fariiigiiig sd- 
pof ifita of different training closer togedier on specldc problems^ For 
instance, mudi of the recent progress in the improvpnjpnt of faisuk- 
tion for electrical apparatus has resiilt^d from the combined efforts 
of phyaidstfl, chemista, and electrical engmeers working hamiuni- 
oiibIj in cloae-knit gToiips- For itmiy years, only a limited number 
of scientiata in the universities had shown any interest in dielectricH, 
particularly The engitiear fumbled along rather bliudlji and 

little progre^ was made until oil phases of the problem wafo ccear- 
dinated through the industrial Uiboratoiy. This relationship not 
only has served an important function in coordinating the effurts uf 
individuals, but also haa exerted a strong inducnce in bringing to¬ 
gether the various departments within an organ i&al ton as vvd] as 
outside agencies on problems of mutual interests A new derelop- 
ment for one department is often seen Co lie of value to anotlier. 
Thus, research acta as a dcarlng house for information and stimu¬ 
lates its flow from one department to anuUier. 

joi^’T HEsUABcn OCTWEEN AX upACTTarn Axn rorn^EEH 

Another coordinating function of the industrial laboratory is the 
I'^ociperative work between elfK:t.rical inaTiiifactur^rB and (he supplim^ 
of raw materials. For many years, dectFical manufnctiireT^ have 
carried on cooperative research vrith manufacturers of steel, carbon 
brushes, izisulnting materials, and other raw materials. As a result 
greatly improved materials have been developed. Tliese in turn 
enable the riecLrioaJ manufaclurer to build more reliable and more 
efficient apparatus, which can bo extended into new and larger fields 
of application. 

nmcreoiAL eeseabch a^oaraNs te3ie betweeh' mscxn'EKT axd owe 

Another important accomplishment of the indiistrial laborstoiy 
has been to effinct a marked reduction m the time between the dis¬ 
covery of a new idea and iia comiaerdal application. For example, 
only a few years ago scientists conceived tlie idea of wring as a 
germicidal agent a certain typo of lamp the rays from which are 
lethal to bacteria. In the lost 2 i>r Z years tlie resulting Stcrilamp 
hail been put to regular daily use in tenderiiing meat, retarding 
spoilage of foods, tolling bacteria on drinking glasses, lielping to 
prevent infection following surgical operations, and many other 
important tasks- 

Even today, howeverj special attflntion must be given to il»s phajse 
of the prubleni: After the research work has bean completed and 
the theory or principle of operation has been verified, there still 
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nmiains the decision ns to the commercjal posKibilUieti of the new 
device or product. Usintlly suJGcient information is not available at 
this etflga on whch to base an intelligent decision. Infonnatiaii m 
to probable costs (indudiinj iHjiiipunuit Lnrestnicnt) processes^ pro¬ 
duction methods, market analyses, and distribution methods miuft be 
obtained before a decirion to niajmfiiciure and sell can be made. 
Thk requites that the new product be carried through some prelim¬ 
inary stngo of development, where a study of theae factors is made. 
Usually this takes the form of some kind of pilot-plant activity 
under the diiection of a special cxperimentiil or ilevdopment group 
that has the respon^ihUity of carrying new produebj thrmigh this 
incubation stage foUowing the completion of research work. This 
form of development is particularly conspicuous in ihs chfimina] 
industry. 

PATC2rr STSTEM STmtriATES KEW DEVELOFMJ^rTB 

Our patent system has had a atimuJadDg influence on industrial 
research and developments in the electrical indnstry that should not 
be overlooked. It costs money to develop and exploit inventions. 
Tlie pmtectioD afforded by patents provides on incentive to develop 
new things under conditions such tliat they may be exploited long 
enqtigh to become establi^ed« Quite often a strong urge toward a 
pariicular development seenm to become manifest and inventive eflort 
starts wimultaneonsly in many places. This seeming chaos tlmt 
theorists would like to control from ^mc central throne eventually 
turns into true cooperative efTnrt through the practical fmces^iLy for 
erossdicensing of patents before a useful product con be obtained. 
Teieviaion is u presfait-ilay example. Patents ihemselves are pub¬ 
lished and the protection afforded does away with the necessity for 
secrecy. The new progress that Ims been made impinges upon other 
minds, thereby starting new chains of ideas that result in coordinated 
group elTort leading to rapid progress. 

Without the protection provided by patents, capital would be re¬ 
luctant to venture into new' llelda. Industrial reHearch would l>ecnme 
sacretivR, and because of the resulting lark of cooperation and coor¬ 
dinated group effort, our progress In technical accomplishmeitH and 
standoids of living would be HerioiisJy reUrile^L 

In the light of these advantage, many times verified by exp^ri- 
encCi it is disturbing to observe the tendency in soma political circles 
to proposfi Jegialation that would destroy these values and plac« seri¬ 
ous limitations on individual right. Even the uncertain ties surround¬ 
ing such proposals create a lack of confidence, tending to retard initia¬ 
tive and technical progress. This same ccnditioii exists to a large 
extent throughout the itidustry, and particularly in the puhlk-ntiiity 
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fifjlii ’where poUtka! threats and limUationa have seriously curtailed 
ejptuisiou and thus regarded the use of scientific developmeata di¬ 
rectly in the generation and distributTon of electricity, 

ELECntrCAli IMJl^Sl'tcY DUA’Wa FB 02 kC AUi I 1 A 01 O SCEEKCtS 

Contributions to the development and progress of the electrical 
industry have come from practJcallj every branch ol the basic 
sciences* Tlus is not Buri^riHitig when we consider the large variety 
of materials used in the manufocture of electrical equipment 

Improvement in electrical apparatus Lh largely de¬ 
pendent on the improvement mtide in tlie properties of the materials 
ustHl. This applies to both physical and chemicHl propertieH of vari¬ 
ous kinds. The limitatio^ia in physical properties of materials are 
most likely to be encountered in high-speed rotating machinery such 
as steam turbines^ where cifiiitrifugal and steam forces are likely to be 
targe under conditions of high tom pern Lu«, wklch in turn tends to 
lower permiMaihle stress lirmts. 

Research work done in rec&ui years by both electrical and steel 
monufacturci'S to detemxine and impniv# the fatigue^ ervep,* oor- 
n> 2 niant and oilier physical properties of various alloy steels used 
in highly sitressed macliines hae resulted in such marked advancea 
in design that output ratings have been more than doubled at the 
highest operating siieed in less tlrnn 5 ycars^ 

Tlie electrical industry has also called on the metallurgist for new 
and improved magnetic steela and alloys* Magnetic steel, particularly 
fllia:trjcal sheet stcch has been a subject of coiitiuijtxl research by both 
electrical and steel mnnufiietiirers* Tliis has involved studiios of 
molecular and grain structures as well as of chemical composition^ 
and purit 5 v This work boa resulted in a steady decrease in iron 
lossas' in the cores of transformera and machiues of Huch magnitude 
that they hav* lieen reduced by more than half in the last 20 years, 
with a saving to the industry of millions of dollars annually. 

Until recently, the improvement in electriral sheet steel was con- 
lined largely to iron loeseo. Practically no improvement in penne- 

* W1>^Ek Jl ta4d ilralu Iff ippLicd Id ft ftninurftl mamhvr rueh j|i ft bftr. tb« liar 

ihmcfttcft or fttirirOiii ivM^porttOluI 10 the loflil n|i[il^l to t***: #l*fttlc IIajIE of tlir moEvriftr 
Pat biiijftE pni’ELrftl ft|^pUearlonB, Ui^a ^rLuJisiitlciD I«r ft ftiTrn ttim li pr<«Umoa ta rfuiftlii 

nx«a or CdlUtftniL A^.tufttu. DutrrUlJ Wjll fonUiaw in clnTiEaEir ftt ft ¥ftrj- ileir nift 
(Iq io-nifl rftB« * prfEoil af JT^n). mn lluniiifli lh*s fttrfjsa rcramLift i^ciikdrftEiE ni a valLwj 
an rliiattc Unlit. nnil«rij or cSmrMtffrlJtic ol oiurrUlft W ftlawly ctiiufftlr 

»□ ft rou^Di itrw Wltii I* fimamonlr rfrferrf^ to o- “errf p ■ 

■ Is tht IroB COETft of fllfctrlcil dtTkvft, i;rt]«ritOlft, M&tOrft, ftiLil E rftDAformrrft, 

whlra eilber irorml# ar imlwt lUrrUftlln^ flirr«lt. thfl nuLEnrUc Cm U luX^JwJt to 
^Tfcrftfti ftt tHo ft! EBB fttqurarj fti the centtffted or HPljUra ftlCrrtiftllnR mmoL ThlB 
rmrul of Dusanliun prrHluM a moltciilftr rrittlDU lou LaSiOff tiK Iroo eort wMth rciiulLi 
In fti 3 ruuTE^ Oiftt ftpg»*n IJ3 tbo Turin of Blftt TJilft ODCTSJ Igfti If commoilJj HfOTThl 
to ft* "Itoo lofti." 
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ability had been accomplished. As a result of recent research and 
development we now have a magnetic steel that has not only lower 
iron loss but also much better permeability. 

New alloys are sometimes discovered and developed as byproducts 
of other research work. In the electrical industry, the need for new 
alloys with special characteristics often arises in connection with 
new electrical developments. It is therefore often necessary to de¬ 
velop special alloys to meet limitations encountered in electrical 
developments, particularly when the volume requii-ed is too small 
to be attractive to alloy manufacturers. For example, a recently 
developed alloy containing only a few percent iron, is stronger at 
1,100’ F. than any low-carbon steel at room temperature. It creeps 
very little. It survives a 6,000-hour creep test at 1,000“ F. that 
causes cast carbon-molybdenum steel to fail and high-strength nickel- 
chromium steel to creep 100 times as much. As an amazing demon¬ 
stration of how it retains its elastic properties when hot, a bar of 
steel and one of this alloy were heated to 1,100“ F. When struck with 
a hammer, the steel bar responded with a dull thud; the alloy with 
a clear, bell-like tone. 

Chemistry .—^The application of chemistry to the electrical industry 
has been almost unlimited. Chemists have been called on principally 
to produce new and improved insulating materials, compounds, var¬ 
nishes, oils, etc. There have been many other developments, however. 
For example, a fireproof chlorinated compound has been developed 
to replace transformer oil in applications where fire hazards exist. 
Many fireproof liquids have been made available, but a great amount 
of research and development work has been required in recent yeai^ 
to (^tain a material that also had satisfactory electrical properties 
such as high dielectric strength, low power factor, and viscosities 
comparable with transformer oil, particularly at low temperature. 

Physics .—The foundation of the electrical industry is supported 
to a large extent on the laws of physics. Some of the most impor¬ 
tant scientific discoveries and applications therefore have come from 
this field. The discovery of electromagnetism, the electron, and the 
X-ray are outstanding examples. From researches on the mechanics 
of the ion came the principle of circuit interruption by deionization 
that has been applied to a whole family of interrupting devices from 
the giant circuit breakers that handle millions of kilovolt-amperes 
down to the new practical circuit breakers for the home that are 
little larger than a wall switch. In the field of electronics, numerous 
electrical developments of far-reaching importance have been based 
on these and similar discoveries. 

Mathematics .—^Probably no other industry rests on such a precise 
mathematical basis as the electrical industry. From its very begin- 
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nfng its pTPry stop in tbo dcsigii, oonstTuction, uid operation of 
electrical apparatus hoc been guided bj computadon. In fact, tbe 
electrical engineer liiw inviented sorcTal mathematical tools to sarve 
his purposes. Each as the complex quantity and symmetrical com¬ 
ponents, He has evioi placed his mathcmadcs on a mechanical biiais, 
such aa diat aoiaring creation, the calculating tmanl. 

spure mathematical concepts liava giTcn birth to many electrical 
devicen. Particularly has this been true of nilaya for the protection 
of transmission lines and tenoiiial equipment, A conspicnous recent 
Qsampli! is a new, simplified pilnt'wire relay that greatly extends 
the practical field of this type of relaying. This relay was conceived 
directly from the mathematical conception of positive, negative, and 
stero-sequence componeuLs of alternating currents. 

AS TO THE FDTtJRE 

We know so little about nature's hade uadcrlying principles that 
it is incredible that anyone should think that our knowlodgo of 
natural laws is anything hut exceedingly small when compared with 
the vast amount that is listed m the unknown coIuidil This alone 
should be encouraging, for if we can aocompUrii all that we have 
with such a poor understanding, it is reaeon.abla to expect vastly 
better results as we obtain more basic knowledge. 

Wlnle our human limitations may prevent us from seeing very 
far into the future, present developments give ns soma idea of future 
trenils and in what fields expansions are likely to occur. 

In the piocessiiLg industries, electricity will prebably assmne an 
increasingly important role in tlie way of metering, regulating, and 
controlling numerous phases of new ns well n.'j existing processes, 
Kecent improvements in clectrio furnaces and their controls, incitiding 
the control of the atmosphere inside of the furnace as weD, indicate 
various poaaihilitipfl in tbij< field. For instance, heat treatment of steol 
sheets for automobilea by enn tin nous pivicesses in less than IS min¬ 
utes has been accompliiihed. In the presence of highly purified at¬ 
mospheres, various steels and alioya can now he bright-annealed. In 
controlled-atnioaphcre furnaces, dies can be heat-treated without 
oxidation or carhurixation, thus eliminating subfiequent grinding. 

In tlie broad field of air conditioning, electricity will play an im¬ 
portant part, not only in applications requiring power hut in the 
procffising and treatment of the air itself. Electrical means ore now 
available for cleaning and sierilixing air. These new' aids in air 
conditioning, coupled w'ith the available services of heating, cooling, 
and humidity control, make it possible to improve man's living con¬ 
ditions so profoundly that he may live in a clean spring or fall 
atmosphere all the year arounii in any locality. 
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Lightningproof electrical systerna vrm but the dreams of engineers 
a few years ago. They nrfi still not a realityi but the rijtj is eominig 
when they will be. Much has been done in this direction; more is 
yet to be" done* The recent development of a device for m^ording 
natural lightning strokes that is relatively inesL|>ensive and simple, 
so that dozens of them can be instulled over wide areas, will he of 
tremendoiiH assistance in eolketing that quaniiiy of slutL^cal in- 
formation about lightning necessary for the construction of protective 
devices imd self-protecting apparatus. Wt now have reaMin iu believe 
that in the not too distant future lightfiingj once the great disturber 
of electrical systems, will be eliminated as a hazard Uj power 
continuity* 

Yn^i new vistas are being opened by high-frequency electric energy* 
High frequencies, which brondly include everylhirig beyond 60 cycles, 
are already Iwiiig used for numctoiis tasks of melting^ heat-treat in g, 
and drying* Packaged raw materials are la-lng dried without open¬ 
ing the crtntjilners; tjcaring surfaces of finished engine crankshafts are 
being given additional hardnass by locaUzi^d haaiitig Ituliiced !jy liigh- 
fi-equuncy currents. Witli tJ^e rapid developments in high frequency 
generators, both of the rotating and elwtroti lulw types, it ig not in- 
con rdvabk that all gasolme and Diesel engines, machine tools, and 
other machines will be treated by high-frequency when assembled f^r 
pEirtially assembled to harden the wearing surfaces. 

The great field of electronics, which is now h^t kncjwn in radio^ 
television, and communication, con be expected to find a greater 
number of fiiiiim appliE^atiuna in the cLectricnl industry, particularly 
in those fields having to do with automatic machine operationB, in* 
apeciinu of inatenals anti safety methods. Becent progress in the 
development of larger and more reliable metal-tank hibw indicator 
that elertrouics may al^ be erpected to play on mcreosingly im¬ 
portant part in electric-power distributioTij both in transformations 
and control- 

When it is considered that thn power consumption in many small 
hom^ today in from S to 10 times the natioual average^ due to the 
increasing acceptance of electric mngee, water heaters, forced air 
circulation, high lighting levels, and other convanienoes, we can ex¬ 
pect domestic power consumption to double in a reasonable time* 
This indicates the need for an improved low-voltage distribution 
system rs well as rewirinig of homee. 

Agrimlture ig another field that iias scarcely been touched by the 
electrical industry* In addition to the usual applications of power 
and Ught, there appear in be many possibilities of applying treat¬ 
ments and radiations for the stimulation of plant growth and control 
of insects that now infest grains, plants, and seeds. 
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Present researches in nuclear physics in niany in^titutioiLa may 
Huh in ubtaining iiifornmiion that will be just hs extensive in its 
inOucnce on the developments m the dectrient industry os was the 
disctivery of thaeleclrsnu The pniduction of radioactive substances, 
through the disintegration ol the atom may provide a very use fill 
tool. Xatundly^ one thinkw of URing these radiations instead of the 
X-ray for radiography or for radium in the treatment of dLsease. 
Wiile they no doubt will be uned to sonie extent for such purposes, 
the possibility of using those ntdiutions as a meaiiK ol Htndyiug 
certain atomic reactions and sErnctures may bo even more tisofuj. 
For instance, by the use of elcetricsibdetectioii mathod^ it appeaiB 
feasible to follow the migration of radioactive atoms through a metal 
during heat-treating processes. Similarly, it ih poF^ihlo to trace 
I he movement of radioactive substances through a plant or the 
human body and thus learu more about bow and whiera these sub- 
stsinc^a are assimilated. In contrast to radium, most of these artU 
ficinl radioactive substances have such a short life Lhut on pimmanent 
harm is done to the hiunim system. 

The present methods of generating electric power am so well 
cstablbberl that wa are inclined to accept them as permanent. 
Gnidiml improvements in present methods have reduced the amount 
of coal used per kilo wait-hour to approximately one-fourth that 
required 20 yeara ago. While this improvement is indicative of real 
progress in steom-pow^r ganeratinn, It \e still small when compared 
with the theoroticany possible energy that could be gutten frcrni a 
highly efficient mnlliod of energy conversion. 

With an increasing knowledge of the fundamenUl pro|]«rtiej? of 
maUer and a better understanding of the conduction of electricity 
in gases, recent calculations and experimetitnl work indirate that it 
may bo poj^sible to use the electromagnetic properties of the rapidly 
moving ionised products; of combustion of certain fuebi in conjunc¬ 
tion with anme siiitable electrical tranEforming device as a means 
of generating electric energy. A practical dcvelcpnient of this idea, 
which at least, appears to be a pmdbility at the present time, would 
result in the use of static electrical devices extracting power from 
the kinetic energy of the of conihusl ion without Uie intenrention 
of rotating electrical machinery. 

Although these and many other prospective developments that 
might be mentioned arc mdefinite and difficuU to evaluate^ we can 
look forwerd with the expectation that the electrical industry will 
continue to grow under the Btimulition and impetus of new Hcientlfic 
dlrooveries and advances. 
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THE NEW SYNTHETIC TESTIT/E FIBERS * 


SEBfrt^Xr R MAtTEJJHtElOEB 
TMhTiidU TtfJffEfl 


We are living in ft progresdve age »» far 

concerned, recently referred to aa a “fiber revolution. Jl«> 
oral fibers do not any longer limit the ability of the textde indnetry 
to create and supply new fabrics of unusual character, beuuty, and 
usefulness. These new developmcnte mark an advance m fllwr tech¬ 
nology, which must be examined and evaluated with the gren^ care 
by all Uo wisl, to keep up-to-date. They create both opportunitjeK 
and hazatils for the progressive laxtilo manufiicturciv-opportuaitics 
for those awake to the posrihilities they offer of meeting our human 
needs more fully; baaards for the ultcaconservativcs, who let pK^* 
Tefla pass by. To tho technical man, they are fascinating and worthy 

of careful wtamination and study. 

In my investigation of these new synthetic fibers I nave •'**<■ ‘**‘ 
eluded the ceUuloaic filaments and fibers, such as rayon or modified 
rayona. I believe tlmt the word synthetic has never been appUcable 
to rayon in its various textile forms. Tme syntheds would mvolve 
the union of chomica! elements to form the baric substances from 
which a textile fiber is obtained. This etage has not as yet been 
ftccomplialied, but the new man-made fibers 1 shall discuss come very 

close to this ideal. -. a 

Jly iTifornmtion ha» bitan obt^ned fitjm soiirc^ I oeueve aut nentiCj 

Htichss patents, chemical abstmeta, ncw^apeia, both local and forco^ 
technical publications as well as private correspondfiiice with the 

companies directly involved. , j ^ 

In discussing them with you, I will take them up in the order of 
their present relativa importance, I will also include a few in which 
Teseairh work has been practical iy completed but which have not 
been marketed os yet in this country for economic or other reasona, 
which I shaU state' In each cose I will state the origin, comparative 
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properties as far as they could be asreHained, aitd ttmir present or 
post uses. 

The ijuportance of these new eyuthetio fibers luay be raore fully 
tindcrstood whea it is considered that the supply of some of our 
nRhintl fibers may be cut off or prices become prohibitire. At n 
recent teehnologiata^ meetings the Army, Xavy, and Air FurcH Imv© 
laJien serious recognition of tHs and are making tests on substitution 
for silk and wool in particular^ 

Thnjugh the courtesy of Mr* von Bergen^ Director of Eesearcb 
Laboratories of Forstinann Woolen Com prints of a number of new 
^ the tic fibers^ both in longitudinal and crosa section, are found in 
the new Textile Fiber Atlas to be publlsbed soon. 

NYLON 

X3don is the generic name diUHen hy the du Pont Co. for man- 
made prnteinlike chemicel product, which maybe formed into fiberSj 
bristles, filmncnts and sheets, and wlieu dniwii is charaetcrlzed by 
extrf»me toughness, elasticity and strength,” to quote from the com¬ 
pany's statements. Thh means that it has to some degi^e the same 
chemical composition as the proteins, of which silk, hair, and wool 
are common textile Tlie tHrm does not refer to 

any particular chemical form of the polyamide any more than glass 
refers to any particular form or item of glass* 

ft IS an ontgrowth of considerable research begun by du Pont in 
loss and its success was announced by the rotnpanj on October QT, 
19SS. To explain bow it was conceired and how it is made today 
would be a paper in itself* 1 shall confine myself only to the textile 
aspect and its varioui^ defdrabla properties* While nylon is com¬ 
monly stated to be made from ^coal, air, and water,” much more h? 
harolred. To the technical man, it can ]m made frnm a dibasic acid 
derived from phenol and a diamine, likewise derived from phennh 
Oxygen from the air is needed in the dibasic acid^ and ammonia is 
used m making the diamine. Since phenol is commonly derived 
from bituminous coal and since ammuniH if? made synthetically hy 
causing the hydrogen from water to unite with nitrogen from the xir, 
it follows that thia particular nylon la derivable from coal, air, and 
water* 

In regard to its physical and chemical properties, it muj?t bo said 
that nylon is the first synthetic textile fiber that has reached practical 
use and thereby has proved definitely that it is poesihle to make 
textile fibers synthetically and witli raw materials other than cellu¬ 
lose* Nylon has a crystalline polyamide structure, can be drawn 
cold, and ia exceedingly strong and elastic. This is attributed to 
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altered to suit any rarticulnr conditifm or demand. It is the proper 
tfe nVitlm iSld-s Irom tW« «.ntrol ..r 

whi^ ths to iotmioo. it io th, ;n«ufaot..rB of to 

hosiprv Svlon is also extremely tough, standing loijg 
abuse ^roakiiig it ideal for tha bristles in tooth and 

taeTirs .0.1 A. like. It i. *" 

t« heat is good, i.e.. its melting point ih at^und 4S0 T., 
above the teniperatn™ normally used m irailing fabrics i y 
docs not bum or blaze or propagnto a flame. It merely incite. 
Hmec, no fire hazards are involved in ite ii^. It la not injured b? 
water ur any li^piid commonly used m the hnnie. It i« a 
phenol (rarLlic acid) and certain mineral acids normally found 
Tn the laboratory only. It la readily wet out by wate^bot ahsorte 
nmcli less water than common textile materials. Henco. y^ 
articles dry extremely rapidly and are just ns strong ive ^ 
dry. Ho^ater ond saturated steam impart a 

nSt set” to nvlon yam and fabricated matenals, which scixra ^ 
reUln its shap^. Of course, nylon con be made waterproof or water- 

TCTwllctit by ciislooiaTy trefttmentsa _ , 

Nylon, like all ordinary textile fibci-a, ia subj^it o , 

ordinarv light. It Is claimed to bo at least equally as *«istant to 

indoor ‘and outdoor light as corresponding unweighted si^ fabr^. 

It can be stored in the absence of light for long periods withon 
miury. Nylon b absolutely proof against attack by moths, fui^i. 
Jd bacteria. Nylon has good insulating properties and high abra^ 
Sion resistanre. Its refractive index m the leriilo 
1.57 Nylon is doubly refractive and when examined between crossed 

Nicol prisms, all colors of the rainliow appear. 

Of ite present 4,000,000-pound production, 00 pe-rc*iit ^ mto the 
manufacture of fine, full-fashioned women's ho^cry. 
application in the manufacture of sewing thread known 
It is also used for corset fabrics and for shrend hues for i^rachutes, 
!ind is now being developed fnr the paradiute fabric itsdf. As a mon^ 
filament aud^istle, it ia used in “Extoix” and ‘‘llirsrfe Taft tooth 
brushcR and hair brushes! also as surgical eu^rea. 

While nylon is produced at Seaford, Del., with a capacity of 
3,000,000 pounds, another plant is being sta^ at Martmavilk, Vft-i 
which will bring the production to 16,000.000 pounds by the spring 

THuch of this informiiticm is already ayoilable to technicioM, wl- 
entifle workers, and textile eiperte. It is merely icpeated f^ the 
sake nf A. S. T. M. records and also as a stumnary for you. Nylon 
servos as an excaUent examplo of what can be done to construct and 
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manafacture textile fikinenta and fibera to suit speeiSed needs and 
modem demands. 

VINTON 

This IS pmhably the most promisiiig new fiynUietic textile fiber. 
While already hinted at by Dr. Robert Hooke in l6Wt Renfi 

Reaanmr, the production of a suitable and practical textile fiber 
from gums and resins did not become a reality until Eryntbetic rftaioa 
were made. 

Vinyon was nri|jiriiilly made by Carbido & Carbon Chemicals Cor¬ 
poration and doscribod in a United States patent, Xo, 2,lGlt706| 
jy^nted to Rugeley, FieJil^ Jr., and Conlon in WS7. Later in 19SD 
tbo American Viscose Corporation took up the manufacture of the 
filameut yarn and fiber. 

Vinyon is the result of extensive research on vinyl polymers, 
upecilicaJly a eopolynier of vinyl ehlurlde and vinyl acetate produced 
by polymerization rather than by condensatiun- Tlia raw polymer 
in the foim of a white Sufly powder is dispersed in acetone and a 
dope is obtained contaiaing 23 percent of the copolymer by weightr 
After filtering and deaemting, thia solution is spun the same sj? ace- 
tat4^ and coagulated by the dry- or warm -air process. After condi* 
tioning on take up bobbins the yam is wet-twisted to fi turns i^r 
inch, wherfupon it is given a stretch of nver 100 percent of its orig¬ 
inal length, giving the yam its high tensile strength and tnie elas¬ 
ticity, It is ako prrjduccd m the partially streicbed ecndltion for 
certfliu purposes at a lower price* They are now prcaluced in 40^ 
60| SO) 120 deniera and up. 

Dulufdering is dmia by jneorparaLion of pigments tmd a new 
process has been found to produce a mild delusterisation directly in 
spinning. The yarn has no abrasive action and, owing to its high 
teurila strength of grams per denier and elongTLtion from 10^120 
percent, will stand abrasion well. The tensile strength ia the same 
wlian wet or dry. Dye£± are rapidly being found so that it can now be 
colored in a wide variety of shades. 

These unusual properties have caused the yam tu be emploj'cd for 
many industrial fabrics, such as filter doths, pressed felts, Mewing 
threads and twines of various types, chemical workci^^ clothing, sail 
and tarpaulin fabrics, fish net^ parachute cords, ehemieal-resiiftant 
hose, uoninflammoble fabrics, awnings, curtains^ and upholstery. 
Vinyon staple fiber bas^ been mized with cotton, wool, and ravon, and 
fabrics made from it will retain their pressed sliapej fold, or crease 
very well. Maximum cixicentrations of mineral acid^ cauKtics, alka¬ 
lies, bleaching agents do not affect vinyon. It has no affinity for 
moisture^ does not support bacteria and vinrs growth, and is not eub- 
joct to damp rot, moldj or mildew* 
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synthetic textile fibers—maubbsberger 


It U truly a synthetic fiber, of truly amazing properties and not 
like any natural fiber—another excellent example of what can be done 
in creating fibers of special character to meet special needs. 

Modifications and further experimentation in this category of 
synthetic textile fibers have produced other very mterestmg and 
valuable materials in Europe known as Pe-Ce fiber, SynAofil, ' 

and Permalon. The latter is a vinyldene chloride derivative whi^ 
the producer, The Dow Chemical Co., calls Saran. According o 
Pierce Plastics, Inc., of Bay City, Mich., they take this white powder 
and exude it after heating through a die. When the filament issues 
from its die it is hot, and thence is passed through a tank of water. 
It is then taken to a stretching device, where the size of the threads 
is controUed and at the same time acquires a tensUe strength of 
40,000-50,000 pounds per square inch. When the company first 
started, it made Permalon threads solely for fishing-leader material. 
They now make small tubing, which is used for catheters in hospitals 
A number of textile concerns are now making a narrow fabric and 
upholstery seat fabrics of Permalon threads-a very remarkable and 
interesting development of considerable importance. 

Dow Chemical has also made experiments with ethyl cellulose deriv¬ 
atives, known as Etho-raon, Ethocel, and Ethylfil. I am informed 
that Dow Chemical is not ready to disclose any details, but has statm 
that these materials are very similar to cellulose acetate rayon. It 
was first made known at the National Farm Chemurgic Council m 
Detroit. More information on these new textile fibers may be 
available later. 


casein fibers and filaments 

Probably the most extensive and costly research was done on the 
possibility of producing synthetic textile filaments and fibers from 
milk casein, first mentioned by Todtenhaupt in 1904. He dissolved 
casein, which is the coagulable portion of milk, in an alkaline fluid 
and then allowed the solution to fall, or pressed it in the form of thin 
threads, into an acid bath. Later the spinning solution was dissolved 
in zinc chloride, spun and insolubilized in a formaldehyde soluteon 
which made the filaments softer and more pliable. The principal 
objections and early difficulties were the proneness to swell, soften, 
and stick together at normal temperatures during dyeing. Many ex¬ 
periments were necessary to overcome this and finally resulted in the 
Ferretti process of Italy in 1935, which has produced a satisfactory 
commercial product knovra as Lanital. 

In Ferretti’s process the casein is dissolved in dilute aqueous alkali, 
allowed to stand 2 to 3 days until the solution becomes thick and 
viscous. A solvent is graduaUy added to the desired volume and 
viscosity, then spun, rendered insoluble, and deacidified. This fiber 


216 ANOTAL REPORT SMITHSONIAN INSTITUTION, 1941 

has shown closer resemblance to wool than any other synthetic fiber 
yet produced. This fiber was imported into this country as Lanital 
until Italy entered the war. 

Owing to certain weaknesses in the casein fibers, particularly 
tensile strength in dyeing, attempts have been made to mis viscose 
and casein together. Such products as Bailan and Cisalfa are the 
result of such experiments. Further, casein has been mixed with 
Latex and glue with some success in fibers known as Tiolan (German) 
and Lacto^ (Dutch). 

In this country I^ittier & Gould in their United States patent 
No. 2140274, of December 13, 1938, and later No, 2204535 in June 
1940, offered a process of making casein fiber and assigned the patents 
for public use. 

Recently in this country a new synthetic staple fiber has been an¬ 
nounced by F. C. Atwood, president of the Atlantic Research Asso¬ 
ciates of Boston, under the trade name of Aralac. It was announced 
at the National Farm Chemurgic Conference in March 1940, at De¬ 
troit. This casein material is made in natural or opaque form, or 
in a delustered condition; also in a softened condition to simulate 
the softness of high-quality wool, as well as in an unsoftened con¬ 
dition, possessing a scroop. It is made in less than 20 microns and 
over 30 microns to match the thickness of every grade of wool. It 
is now being produced commercially by the Aratex Division plant 
of the National Dairy Products Corporation, at Bristol, R, I. 

The present physical and chemical properties are about the same 
as Lanital, reported on by von Bergen, It has a high affinity for all 
wool dyes. Its dry strength is about one-half that of wool and its 
wet strength is about one-fifth that of wool. Compared to viscose 
rayon it has about 10-20 percent less strength. Of course, lack of 
strength is not always a drawback to its introduction, as was the 
case with rayon. 

The longitudinal structure of Aralac is more or less smooth and 
shows no pronounced indentations or .striations like rayon, but its 
surface is peculiarly “rippled,” the only word I can find to describe 
it. Its cross section is nearly circular and highly uniform. The 
contour shows hardly any deviation from a smooth circle. Its dif¬ 
ferentiation from soybean and Lanital is not easy, because of its 
close chemical composition. 

The price of Aralac is now from 40 to 55 cents per pound. Its 
principal use at present is in the felt-hat industry, as an admixture 
with wool and rabbit hair. It is claimed that hats and hat bodies 
containing up to 60 percent of Aralac are already on the market. 
Experiments in other woolen fabrics and admixtures are now in 
progress and all uses will consume almost a millifyn pounds in the 
first year of its existence. 
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According to an annooTicement Inst iFeek the Xationiil Dftifj 
Produetii Corporntion lias a new casein fiber known ns * (finer 
than Aralac)i which is fiimifJied to the Hat Corporation’s thr^ii 
plants in long contimiona strands of 15^000 filaments eucli. £hc« 
are cut to ^-inch staple lengUis and blended with naturtil fur in 
proportjona of 10-15 percent casein fiber to OO-M percent rabbit hair. 
They claim men’s hats made from thb blend are tiie equal of ortho¬ 
dox felt hats in ap[Msarancc, feel, resistance to wear and crushing, 
and superior in color fastness. 

SOYBEAN FII*AMl!:NX3 ANO FIBEES 

While the major part of research work in soybean lias been in 
connection with the preparation of plastics, fonds, iiainta, oUSf and so 
forth, some work has been done to utilize the protein meal or pulp 
after the oil has been extracted. The work on the casein pulp has 
been o side wtutiy, rather than a direct study on the part of chemis^ 

Heberlcin &> Ctl.^ back in 1028, submitted the eitraoted protein 
from soyl*-*ti to a swelling operatiun with water under preaaure and 
heat or a dilute ocid wdtli aimultaneous treotment with phenols, after 
which tlie filaments are formed by estmision in the usual manner. 

In this country, the; first announcement of rwseaich work on the 
production of a synthetic textile fiber from soybean pulp cams with 
the opening of the World’s Fiiir in 1839. A part of Uie Ford exhibit 
was devoted to its manufacture. The Dearborn Laboratorlea of the 
Ford Motor Co. had been working since 1937 on the idea of producing 
a synilietic textile fiber that would aimulate wool very closely. From 
SJOjOOO acres of Eoybeaua under cultivation, they liaU been using the 
soybean nil for paints and the meal for plaatica. 

The process used is about sa follows: After the Efoyljean is crushed 
under pressure and the oil extracted with bexaiie it is passed through 
a weakly alkaline solvent, which extracts the protein. The soybean 
mi'al iB escaptionally rich in protein value—as high as tK> porceJit, 
The protein is then combined witii various chemicals and/or dyestu^ 
in a secret prutess* and made into a viscous sulutiou. It is then forced 
through a spinnerette and coagulated into filaments in a bath con¬ 
taining sulfuric acid, formaldehyde, and sodium chloride or alumi- 
ti iiTTi sulfate. A formaldehyde solution is used to set the filaments 
during the winding process. They are blsoched and dyed, if desired, 

*H-33 If cat latentCTT name toT tbLil IWW tlbtr br tbt HjU C^orpomlimi lit Aiutflii 
aurkiif tb« iimcnt riiitriHiPtilal ilat* di lH nur, Th* U uliiuli for nM&wb. aSA tb# 
aaiobtr Uidltatca that thli nai tht Aftf IhlrS niirr 1»lcd b; tlw KHpaciJ la tte coanw 
of a 30-J'oar hbkIi for a dber that cnitld Iw BmS Id maktair top-<]aB]ltr fot Tmla. £-fia, 
■■ uar,! thi. Hot Curporatlim, taaaOl bi rtunloi) aa Iht aamp aa Aniac, bMAuw whllg 
Aralac torlata ar# Lh« orl^liial raw material rmio which tha company producaa IMIS. 
B&fl'Cb- l-diUtljffUl pHtftlflBJ il owcviurj iMdfiir# Lbe y rtt4l^ iQr Ip-t s)Ri^ln3c. It 
be ^iBbcd to tuiLli aod kl»lt, Jmd It muit b« *^1 to Xb^ t^roprr Aloiple 

k-figtk for blendlaE Wltb nhlAX hif. 
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and ow then wdy for commercial ii*. The ekmeiila artj also cut to 
prodot* li staple fiber. The akeins have the coiuiistency and testura 
of silk and wool, which are our prewent protein fibers, B'cird officials 
have informed me that Henry Ford himself hiu*! diown considerabla 
personal mtere 4 ?L in these cxperimenis- I’he yam has Ijeen woven 
and knitted into goods and tJie company considera ija suitability for 
auto upholstery definitely satisfactory and practicaL Later, tlie 
Glidden Co, at Chicago set up a pilot plant for eaiwrimental purposes 
of fiber prodiiclion for the textile trade. 

The physical and chemical properties of textile fiber produced 
from BoybMii are particularly iatereating. I submitted a sample of 
the product to Mr. von Bergen, of tho Forstmann Wooitm Co., lote 
in 1@39, Hb reported that It dosely resejnhled Lanital in color, 
ler, touch, and crim[>. Its tensile strength was 0.94 gram par dciuer 
dry and 0.S6 gram per dcjtler wet. The ehiugation of the fihunanta 
was 112 percent dry anti 47 percent wet. This meann that soybean 
fiber is about four times weaker than wool when dry and approii- 
matcly eight times weaker than wool when wet. 

The fineness and diameter of the soybean fiber is exceptionally 
uniform, approaching nylon in thia respect. The fibers are more or 
less smooth with fine dots and streaks or siiort stiiations, presumably 
Caused by air bubbles. Similar to protein fibers, soybean liber does 
not burn, but dutiw and produces the same o<ior as wool, which is 
like burned feathers, Hb found traces of sulfur present and 
vdlowieh-browti alkali fumcs issue when it is heated in a test tube. 
The fiber shows a liigb afiinily for acid colors with no vbdbla change 
in the fiber itseLf. For identificatinn purpoises Mr. von Bergen sug¬ 
gests a sulfur-coniMit teat to distinguish it from Lanital, if this is 
ever necessary. Water dnes not wet soybean fiber as readily as it 
does casein filwr and wool Its specific gravity is 1.31. Bcoent 
samples aro more resistant to cai'bcnixing and to boding in dilute 
acids and alkaliea. 

Hence, the only deficiency is its tensile strength; the filaments and 
filmrs otherwiisa show lemarkable qualities. I am informed that in 
more recent samples from Ford and Glidden the strength bad been 
improvKil, Development work on upholstery fabrics has progressed 
satisfactorily and it looks as if the soybean fiber will soon be a oimi- 
mercially practical textile fiber, ready for the textile trad© to use. It 
is DOW used in hat felts, suituigs, upholstery fabrics, etc. A com¬ 
mercial plant for the production of this fiber at the rate of about 
1,000 pouuda per day is tiuw planned. 

KlKSnS FROM CORN 

A protein fiber cun ha obtained from com meal, which is u com 
proteid, often called xein or maiain. It has recaivad considerable 


219 


SYNTHETIC TEXTILE FIBEES—MAUERSBEEGEB 

prominence since a patent was granted in May 1939 to Corn Products 
Refining Co., of Argo, HI. Zein is obtained from com and is soluble 
in 75 percent alcohol, phenol, mixed solvents such as alcohol and 
toluol, alcohol and xylene, and others. The zein, according to Sul¬ 
len, of Com Products Refining Co., is dissolved in aqueous alcohol 
containing a proportion of formaldehyde, which is extruded into an 
aqueous coagulating medium and the withdrawn filaments subjected 
to a current of air heated to not above 100® C., skeined, then baked at 
60®-90“ C. for 8-10 hours. Up to the present time there have been 
no difficulties in spinning zein filaments, but the product obtained, 
when sufficiently insoluble in water, has been deficient m elasticity, 
resiliency, and tensile strength in the dry and wet condition. They 
can be dyed. Latest reports from Com Products are that the work 
on it has been suspended but may be revived at a later date. 

FIBROIN FIIAMBNTS 

The idea of obtaining a merchantable fiber from fibroin, a proteid 
substance and the chief ingredient of raw silk, is in itself not new. 
It is composed mainly of two constituents—probably proteins—which 
comprise chemical combinations of alanine and glycocoll, with some 
tyrosine. The problem for a long time was to find solvents for this 
substance, which could be obtained from silk waste, old silk stockings, 
and silk threads. 

The Japanese did considerable work in this field and samples of 
some yams, then termed “regenerated silk,” came to this country in 
1937. Samples from Max Baker were analyzed and investigation 
showed that a patent and process had been devised in this country in 
1923 by Abraham Furman. The patent was assigned to Corticelli 
Silk Co., of New London, on May 13,1924. The company tried the 
process out and produced a 75»denier yam on a small scale from 
cocoon waste and other raw and dyed silk noils and waste. The pro¬ 
cedure in brief was as follows: The silk waste was cut into very short 
lengths, boiled off twice, hydroextracted and dissolved m a chemical 
solution, probably copper or nickel sulfate. The solution was then 
forced through filters and piped to storage tanks. It was then de¬ 
aerated and spun on spinnerettes, similar to rayon, with refrigeration, 
and coagulated into an acid bath. Bleaching was not necessary and 
the yarn was washed and finished in skeins. The lack of sufficient 
strength and elasticity finally caused the Thames Artificial Silk Co. 
and the Corticelli Co. to discard the process. The Japanese samples, 
while a little better in strength, did not satisfy textile requirements. 
Many other investigators, such as Galibert, Moshino, Millar, Lance, 
and others, are still trying to perfect this method, but so far none 
has succeeded or undertaken commercial production anywhere. 
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This lE merely on uistaiice of Imw ineny ^ITorts h^ve been made snd 
wbat types of processes hare fallen by the Ttayside. TIiIh ilow not 
mean that they are impractical or that under farorable condltioiis 
they would not be rcrjTcd. 

CT-A!?S FIBER 3 ANB FILAilEKTB 

FibcTffles (or glass fibers) has I>ffln lifted out of the category of 
curioflities^ and is now a textile raw material, with many potential 
applications. It is being produced by two processes—the continuous- 
filament pn>cess and the staple-fiber method—hy OweriB-Coming Filler 
Gins Corporation, In its mnnufnctnre frlass marbles are fed into an 
electrically heated fumtice, which has a trough nr V-shaped bushing 
made of metals of a higher melt ing point than glass. In the continuous 
process, molten glass, entering tlie wide top end of the bushing, is 
“drawn” downward by gravity, the gloss emerging from 102 tiny holes 
in the bottom of the bushing. Ttie rjlauients, averaging 0.00017 to 
0,00020 inch in diameter, are combined to mahe one strand measuring 
0.034 inch in diameter for winding on bobbins, A number of strarufe 
can be plied together to proditce a yam of any sire. 

In the staple process, the molten marbles arc forced downward 
through holes of the same t3’pe as in the eontinuous prutess, but, in¬ 
stead of being “drawn,” they are blown downward by steam under high 
pressure, Passing through a burst of flame to eliminate moisture, the 
fibers, averaging 8 to 15 inches in length, gather upon, and are drawn 
from, a revolving drum. The accuniulntioa of “sliver” follows 
grooved wheels to be woimd on revolving spools. Tlie subsequent 
spinning operation is carried out on tegular textile machinery. 

Spun yarns have been made as fine as lOOa cotton count, llie yarn 
is put up on beams, conos, tubes, bobbins, and apouls, as desired. The 
physical and cliemit^l properties of glass filaments end fibots are very 
interesting. The fibers are produced in variciua colors which arc not 
affected by heat, light, nr weather. The fibers are BoUd, cliculHr in 
cross sections, and smooth. Fibcrglas is fireprotd, resistant to acids 
(except hydroflunric and phosphoric), weatherproof, and mi Ida wp roof. 
Good diiilectric properties and good thermal-insulating characteristics 
are very pronounced. Glass fiber is attacked by strong or hot solu¬ 
tions of caustic soda, 

Fiberghs has a high tentsile idrefigth which can be varied by chang 
ing the glosn formula. In general, finer yarns have a greater tensile 
strength than coarser yams of the eame size. The tensile strength and 
elnn^tion of the basic K^-filamcnt fibcrglaa yam are as follows: 
Tensile strength, 0.3 grains per denier; elongation, 1 to 2 percenL 

The strength expressed in grams per dctiiep of yams spun frnni the 
staple fiber tyjw is somewhat lower and elongation is higher, 2^ to 4 
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percent. The fibers lose strength when abraded and hence, unless they 
are protected by a flexible coating, are not suitable for applications 
involving severe bending or creasing. While the fibers themselves are 
waterproof, fabrics woven from them are more susceptible to mechan¬ 
ical damage when wet than when dry. Resistance of yarns and 
fabrics to abrasion has been improved considerably since fiberglas was 
first introduced, and further progress along that line is expected. 
At temperatures above 600° F. there is a loss in tensile stren^h, and 
at 1,600° to 1,600° F. the fibers start to soften or melt. Fiberglas 
yams are approximately two to two and a half times as heavy as 
cotton yarns of the same diameter. 

Fiberglas yams can be woven, braided, or knitted on the usual types 
of textile equipment. During manufacture a small amount of lubri¬ 
cant is added to the yam. Special formulas for warp sizing have been 
worked out. Fiberglas cannot be dyed satisfactorily by any of the 
usual processes. Some experimental work has been carried out on 
printing fabrics with lacquer colors. 

For the present, fiberglas textiles have been confined to industrial 
and decorative purposes. Some knitted fabrics have been produced 
experimentally. Aside from shoe fabrics, no attempt has been made 
commercially to manufacture fabrics for wearing apparel. Among 
the more important industrial applications are filter fabrics; yams, 
braids, tapes, and other materials for electrical insulation purposes; 
anode bags used in the electroplating industry; wicking for oil stoves 
and lamps; pump diaphragms, and belts for resisting high tempera¬ 
ture, fumes, and acids. Draperies made from fiberglas are now on 
the market in a wide range of designs and colors. Among other po¬ 
tential household uses are tablecloths, bedspreads, curtains, uphol¬ 
stery, wall coverings, and awnings. Still other applications are rope, 
twine, and sewing thread for sewing glass textiles. 

FILAMENTS AND FIBERS FROM CHITIN 

Chitin was discovered in 1811 by Braconnot and is a polysaccharide 
containing nitrogen, present in the cell walls of fungi and the skeletal 
structure of such invertebrates as crabs, lobsters and shrimps. Like 
cellulose it may be acetated, but has little resemblance to cellulose 
and is quite different from fibroin. Rigby in his United States 
patents deacetylated chitin in 1936, and the product as well as many 
of its salts may be used for the manufacture of films and filaments. 
He has used a 3-percent aqueous solution of medium viscosity 
deacetylated chitin acetate for films, filaments, and for cementing 
paper sheets, the product being insolubilaed by exposure to 
ammonia fumes. 
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Kunike, of Ge-nnuny^ in 192B found dwt purified chitin 15 aoluble 
in Iicids, from which the filaments can be epun wet or dry. It hi^ » 
round or heart-shap^i cross section and its tensile BtteJi^h in 35 kilo- 
fpramfl per i^quare millimeter as ai^ainst 25 kilograms per square milli¬ 
meter of ealluloaic silk. The pale lustrous filaments resemble acetate 
my on and real silk. He claims that tlie production of tertUea from 
chitin offe-m no commercial diffieiiltiea, 

Thor and Menderson, of Visking Corpomlion of Chicago, IlL, have 
described the productiun of filaments from regenerated chitin 
products. The purified chitin in a modified process is lanthatcd and 
filaments Lire obtEiined by treating it with an alkali and then with 
carbon bisulfide^ filEering, deaeralitig, and extruding through minutes 
arlfiocs into a setting bath* The films obtained frnm regenerated 
chitin resemble those of regenemted cellulose, but differ from the 
latter in their afEnitj for dyestuffs. Its dry tensile stningth is sumc- 
what better than regenerated oelluliM^, hut its wet strength is much 
lower. The only drawback to its oommercial introduction Ls the 
insulficient supply of chitin, I understand- 

GKLATIN 

The earliest attempt to produce a commetclal textile fiber of a 
gelatin base was Vandura silk by Adam Miller of Glasgow in 1894, 
which wa^ not succen^ful owing to partJiil solubility in water, 
and could not be dyed in filament form. This was followed by Bi¬ 
chromate silk by Fuchs and Bernstein, in which the glue or gelatin 
13 insoliibiliEed by pota^um or ^diam hichromattt. Qerard, Men¬ 
del, and Obi worked on producing a gelatin filament, but so far no 
satisfactory and econumtcal textile filament baa been produced £bi far 
as can be learned. 

OSRmN niiAllENTS 

Ossein is closely related to gelatin and in obtained from bones by 
dissolving out tlie mineral part with phosphoric acid and reoovBring 
tha ossein by evaporating the mother Uquor. There are several 
methods uf obtahving the o^in. Helbronner and Valea have pre¬ 
pared euch filamfsnts* Early difficuHias were brittlenees. Carbofil 
is a German protein fiber obtained by mechanical treatment of lioree 
or ox musda^ previamily Lreated cbejuically to remove the major 
Ijortum of soluble proteins. The fibers are 3--S centimeters lung and 
resemble fiox iu structure. They ara resistant to boiling water and 
have been \iBml in surgery. 

Tlie Swiss have made a protom fiber known nsn Marena fiber from 
hides and leather which maj be mixed with wool iti textiles. 
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FlLAJJENTB mOM LICHEKTN, PECmjf, ICELANTi MOSS, AUD AOAS- 

AQAB 

Tegelabifi mucilages such as lichenin, pMtin, Iceland moss, bj^ 
agar-agar hava been esperjinfinted with in England, for use in 
gsuzalikfl fabrics. By incorporating into the viscous mass before 
extrusion glycerol, boras, or gluten the fibers beconie rather flexible. 
Such fibers are said to be sufficiently resistant to atmospheric moisture 
and to be nonhygroscopic. Colot^ fabrics ara made by incorpma- 
tion of ground colored pigments or by spraying on dyes. 

ALQIMO ACID FILAMENTS 

A synthetic textile fiber has been produced in Germany by Qoda 
from a fellyliks substance containing algio (alginie ncid) prepared 
from seaweed by dissolving it in ommoniacal copper smlution oon- 
toining alkali metal hydroxide, and spinning it into a bath containing 
a salt prepared from furfural and caustic soda, an aliphatic acid, 
alcohol and fnrmaidehyde. The filaments are afterward treated 
with solution containing a sulfate and sulfite. Saraaon, of Great 
Britaiu, also has a method of preparing such filaments; also the 
Japanese have » niethod for forming filaments. Nothing la known 
of their aucecss or their commeroial introduction. It is merely cited 
here to fihow the possibilities for future synthetic teatile filaments 
and fibers. 
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PLASTICS ^ 


By GoikOoN M. KWTfE 

Vhi€h Qrvnnio PUiJ^tk* ffaHonal Bunau bf i^tand^rdt 


iWilh e pUtH] 

Thi> pnrAii^ of n^w appliciLliciiis in plastics i^ent odl in 1940 Us 
the industry continued its phenomenal growth, as evidenced hj the 
iacninHafl Tolume uf pCLfdMeLion uiid greiiLur annual dollar yaltie of 
tho &[iished products. This progress can be aptly surTeyed by a 
glance at the wiiuisr? qf the LD40 Annual Modem Plaatics Competi¬ 
tion whieh drew approiiniately l,0CiO entries, Tepreeeuting the coin- 
Lined cuutributiotia of chemiKls^ engineers, designei^, moiders, and 
fabricators in extending tlie frontiers of the plastics indu^y* 

In the architectural ciassidcation a war da were given for decorative 
and functional uses of plastics in the beauty salon and theater and 
for a crystal-clear doorknob resembling the expensive gla^ knobs 
formerly imported from CKechoslovaida and Belgium* In business 
and office equipment, new achievemeuta in ielaphcine pquipment^ houa- 
ings for portable sales registers, and drafting devices were recog¬ 
nized. Midget and portable radioe in the communications group 
and ingenious seasonal displays in deeorators* accessories were out* 
standing. The |udgES selected the woven plastic porch and terrace 
furniture, transparent acrylic tesm tables, and colorful "period” 
pieces veneered with oasft plieiiolic aheata for top awards in fumitura 
applications. Such prosaic but essential items as bathroom scales, 
brooms^ and idiower heads reveHlLHl furthpr extansion of plaiftica 
into the household doroain* Plastic difusc reflectors for Huorcseent 
lamps won mtsL of ihc lionnra in tlia lighting group. EIpctrical 
and refrigerator cfiuipment, soldering paddles, and nylon-bristle 
brushes for industrial purposes represented advances of plasticK in 
macliinery and appliances, and transparent oQ containers, electric 
ra^or housings, and greeting cards were selected from a hoal nf 
novelty and miscellaneous items* Laboratory dialyzers, portable mo* 
tion*picture projectors, and arch supports won rec^ignition in the 

* RflprlatftJ hj jHTinlwpkvc frupi The jUrlcncw', m HptIpw of IJMiO. riahlijihrf 

[7 ih« droller Socku. 
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scientific group, and traiiKpHreiiE. plastic belts mid suspejiders, shoes, 
raincoats, aad smocks topped tho stylo and fashion group. In the 
sporting goods, gsines, and toys cliuisificstion, model boots, chess- 
men, and harmonicas of exceptional interest 'irere made of plastics. 
Tho shipping, airplane, and automotive induHlnes were all repre¬ 
sented in the awards made in the transport group. Spocud listwg 
tras given to the development of resin-bonded plywood, which has 
expajided Uie market for tliia matorial to cover many outdoor ap¬ 
plications, such as home constmclion, boats, ooncreto forms, outdoor 
signii, airplanes, truck and bus bodies, farm silos, and rofrigarator 
cars. 

A consideratiDn of tbs classification of plastics and of some de¬ 
tails of each type will pmniute a better understanding of what 
plastics arc and why they can take on many important tasks. 

scot's OF THE PLASnea IM>tJSTBT 

The dicUoiuLTy deHnition of plastics as materials which are *‘rcadity 
responsive to sliaping infiuences” does not place a convenient limita¬ 
tion upon this field. It implies, but does not Htate, tliat the material 
should maintaiu its new form when tho shaping influences arc re¬ 
moved. Even this more limited definition of a pinstie would include 
a great variety of materials—^from tho metals which are readily 
tihaped when heated to the solid rocks of the earth which exhibit 
zones of flow at great depths because of the pressure of the overlying 

mn^ 

The modern plastics indnstry deals chiefly with moldabla materials 
manufactured from organic compounds, that is, combinations of 
carbon with hydrogen, oxygen, nitrogen, and other elements. The 
inorganic molding materials, such as concretes, cements, and ceramics, 
and also rubber, an organic substance, are not generally included 
within tho scope of the plastics trade as it is known today, inasmuch 
as the industries utilizing these materials are considerably older 
and were already mdiTidually organized and developed prior to 
the advent of the newer plastics. 

Cla»H'^cati^\ <m hasi» cf eourae. —The four principal 

types of organic plastics are (L) synthetic resins, (2) natural rcsina, 
(fl) cellulose derivatives, and ^4) protein substances. A brief de¬ 
scription of each of these groups will serve to indicate to tho reader 
who is unacquainted with tliis field the essential characteristics of 
each and the distribution of the various commercial plastics 
according to this classification. 

SyrUketh reiin pi(irri<r3.“Public interest has probabiy centered 
largely upon the synthetic tedn plaatics because of their multiplici^ 
end versatility. The chemist has been able to produce at will resin- 
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ou» miitijials httving the hardness of attme, the tranaiMoency of 
glass, the claaticUy of rubber, or the inaulatiiiB ability of mica. Tfa^ 
synthetic resins, in combination with suitable Mere, are readily 
molded into products characteriaed by eicellent strength, light 
weight, dimensional bI ability, and resistatice to moisture, mexieratfl 
heat, sunlight, and other deteriorating factora. They lend them- 
BeWea especially to the rapid manufacture of large quantities of 
accurately sized parts by the application of heat and pressure to 
the matcriol placed in suitable molds and to the use of ori^nol or 
imitative effects in a Tsriety of colors. Some of the cheap raw 
materials used in their production include phenol, urea, fonualde- 
hyde, glycerol, phthalic anhydride, acetylene, and iietroleum. Syn- 
ihctic resin plustica are tnoiivn commercially under such trade 
names ok Bakdite, Catalin, Beetle, Glyptal, and Vinylite, They 
are used in an ever-growing variety of applications, such as electrical 
parts, automotive parts, ulosunw, containers^ costmiie accessories in¬ 
cluding buttons, bucklea, and jowelry; hardware, tablaw'are, and 
kitchenware, and miscellaneous novelties. 

Tbo powderetl molding compositioriB Hre generally sold to custom 
moldera who produce the finished parts. Casting resins and lam¬ 
inated resinous products, described in more detail later, are, how¬ 
ever, usually made into alieeta, rods, or tubes by the manufacturer of 
the resin. Blanks are cut from these for the preparation of the 
finldieil product by machining operations. 

Natural »wns.—Tliese are more familiarly known to the public 
by their conimon names, such as shellac, rosin, a^balt, and pitch, 
>hftn by the proprietary names attached by manufacturers to mold¬ 
ing compositions prepared from them. They are used in industpf 
for the production of the fusible type of molded prtsluct as dis¬ 
tinguished from tliE infusible articles formeil by some of tbe 5 ^- 
tlietic resins. Hot-molding coiupositions are prepared by mizing 
shellac, rosin, and asphalts with suitable fillers. Compositiona con¬ 
taining chiefly shellac as the binder are used in electrical insulatora 
for high-voltage equipment, in telephone parts, and in phonograph 
lecords. The terms rosin and resin are often confused. Bosin is a 
UHtural resin recovered as a solid residue after diatillation of turpen¬ 
tine from pine tree eatiacts. 

c«.lbtlat& The third type of organic plastics, the celJu- 

loee derivatives, ia probably the most widely used and best known 
of any of dieae materials. To this group Ixlong celluloid plastics 
used for maldng toys, toiletware, pen and pencil barrels, and the 
like; cellulose acetate commonly u«h 1 in the Celanese type of rayon, 
safety film, and in place of tlie slightly less expensive nitrated cellu' 
lose when noninflammability is desired; and regenerated cellulose, 
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familiar to all as the wrapping material Cellophane and the common 
or viscose type of rayon. 

The basic raw material, cellulose, is obtainable in fairly pure, 
fibrous condition as either ordinary cotton or pulped wood. Treat¬ 
ment with chemicals converts cellulose into compounds which are 
characterized by the ease with which they can be formed into desir¬ 
able shapes. Cellulose plastics excel in toughness and are especially 
useful in thin sheets which have remarkable flexibility. These plas¬ 
tics conduct heat slowly and can be made substantially tasteless, 
odorless, and transparent. Their principal applications, in addition 
to those mentioned above, include photographic film, safety glass, 
flexible window material, artificial leather, airplane dopes, and 
lacquers. 

Protein pZaafics.—These are perhaps best known according to the 
source of the raw material—for example, casein from skimmed milk 
and soybean meal from soybeans. These protein substances are thor¬ 
oughly kneaded into a colloidal mass, which is then formed into 
sheets, rods, or tubes by suitable presses or extrusion devices. The 
formed pieces are hardened by treatment with formaldehyde. The 
finished products, such as buttons, buckles, beads, and game counters, 
may be machined from blanks cut from the hardened material or may 
be shaped from the colloidal casein mass and then hardened. This 
latter process is now common practice because of the shorter curing 
time required for the thin pieces. 

Classifieation on hasia of heat effect .—^The plastics used in the 
molding industry may be divided into two groups, based on their 
behavior toward heat, as (1) thermoplastic and (2) thermosetting. 
The thermoplastic materials are permanently fusible, that is to say, 
they alternately melt or soften when heated and harden when cooled. 
If they are subjected to very high temperatures, vaporization or 
decomposition takes place. The cellulose derivatives, some synthetic 
resins, and most of the natural resins are examples of this type. The 
thermosetting plastics, on the other hand, may be made permanently 
infusible. This group is usually further subdivided into three stages 
on the basis of changes in physical and chemical properties. The 
product of stage (A) is called the initial condensation product and 
may be liquid or solid; it is both fusible and soluble. The inter¬ 
mediate or stage (B) product is insoluble and difficultly fusible, but 
it can be molded by the proper application of heat and pressure. 
This is the usual condition of the resin in the molding composition 
when it is received from the manufacturer. Further heating of 
this material, as in the process of molding, converts it to the final 
or stage (C) product, which has a permanent set and maximum 
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hardness, strength, resintiTity, and itiaolnhility. Most of the molded 
producla of synthetic resin composition which are on the aiarJret 
belong to the tliennosetting typo. 

BISSTOBY or THi: DEVELOPtJBNT OF PhASTlCS IS AMERICA 

A chronological sun'ey of iha development of plastics in Ameriw 
IS presented in the fallowing paragraphs. By discussing them m 
the order of their appearance on tlw market a better idea of me 
underlying needs whkh led to their production and their relative 
jniport'ance in the plastics indnfftry today will he obtained. The sp^ 
cinl prcpei'tics which charecterized each new material and which 
in many instances were there by design and not by mere chance 
wiU be described. Tlie important uses which have been made of 
these various plast-iis will bc recuunted. 

nitrate plastic^Tiie oldest of Uie synthetic plastics is 
the cclluloso nitrate or pyro^lin tj-pc. It is amazing that a matenal 
SO hazardous to handle and so readily decomposed by heat has held 
an important share of the plastics business for m many years. How¬ 
ever, it has many unitiue properties which until recently have made 
it the best available thermoplastic material for many purposes. 
Alexander Parkea, an Englishman, prepared various articles from a 
solution of cellulose nitrate and camphor during the period 1855 to 
1865, but John Wesley Hyatt, an AmBrican, h generally credited 
witli being the first to attempt to work with oelliiloEe nitrate os a 
plastic mass rather than in solution. He is said to have been moti¬ 
vated by a deidre to find a substitute for ivory in the manufacture of 
billiard baJb, in order to ivin a prize offered for that achievement 
Although uiifiuccesaful in obtaining the award, Hyatt with hia 
broUier, Isaiah S. Hyatt, took out a patent in 1860 for making solid 
collodion wiLli very small (piantitica of solvent, diKSolving the 
pjrosylin under preasute, thus securing great economy of solvents 
and a saving of time. The Albany Dental Plate Company was or¬ 
ganized in 1870 to handle the first applicaticm of the cellulo®e-nltrate- 
camphor plastic. By January 98,1871, the demand for tlie material 
for miscellaneous uses had b«orae suRiciently great to bring about 
the formation of the Celluloid Manufacturing Co., which moved in 
isra from Albany to Newark, its present loculiou. Today Celluloid is 
only one of a number of trade names, such as STiionoid and Pyralin, 
tliat are used to designate cellulose nitrate plastics produced by 
various firms in America. 

Cellulose nitrate plastic was one of the first to be used in tlie auto¬ 
mobile, being employed in sheet form as windows is the side cur¬ 
tains of early m^els. Its flexibility and nonfragility were irapor- 
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tant factors in this application, but its susceptibility in the trans¬ 
parent form to ultraviolet light resulted in rapid deterioration of 
these sheets. Typical applications of this plastic include bag 
frames, brushes, buckles, clock dials and crystals, drafting instru¬ 
ments, fountain pens, piano keys, shoe eyelets and lace tips, spectacle 
frames, toilet seats, tool handles, toothbrush handles, toys, and covers 
for wooden heels. The contributions of this first synthetic plastic to 
the plastics industry have been extensive and lasting. It not only 
paved the way for the advances which have been made in formulation 
and pigmentation of all thermoplastics, but it also supplied niuch of 
the mechanical and operative means of manufacture and fabrication. 
It was the real pioneer in the development of the market for plastics 
and in many of their uses. 

ShelloG pZaaric.—The next plastic to become of importance in this 
country was shellac molding composition. SheUae is of natural 
origin, being produced by an insect which lives upon certain trees 
in India and southern Asia, and has been known and utilized for 
many centuries for various purposes, such as a component of sealing 
waxes, polishes, and varnishes. In 1888, Emile Berliner had worked 
out the details of the method that made it possible to engrave a sound 
groove on a flat disk, but means of duplicating these recordings in 
large numbers remained to be perfected. He tried both cellulose 
nitrate and hard rubber, but neither of these materials was satisfac¬ 
tory for his purpose. In 1895 he turned to a plastic composition 
containing shellac as a binder, and soon the teclmique of molding 
shellac-base phonograph records was under full development. It 
remains today the largest single outlet for shellac in the plastic 
molding field. The properties which make it especially suitable for 
the manufacture of records are ease of molding, toughness, hardness, 
fidelity of reproduction, low cost, and the possibility of reusing the 
scrap material. Developments in the past 20 years have been pri¬ 
marily in its application as a resinous binder for cloth, paper, silt, 
mica, and other electrical insulating components. 

Bitum&fi plagtic .—^The third plastic to become industrially impor¬ 
tant in America was the bituminous type, more commonly known as 
cold-molded. Emile Hemming was the pioneer in its development 
in the United States and introduced it on the market in 1909. The 
raw materials u^d in the preparation of cold-molded plastics are 
asbestos, asphalts, coal tar, stearin pitches, natural and synthetic 
resin, and oils. The asbestos in the proportion of 70 to 80 percent 
contributes the body of the material and the bituminous or resinous 
ingredients in the proportion of 20 to 30 percent function as the 
binder. The molding is done at or near room temperature, hence the 
name cold-molded. The pieces are removed immediately from the 
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mold and cured in electrically heatwi ovens to drive off the vnlatilo 
constituents, oxidize or polyinerize the oils or resins, and so 
form the plastic into a hard, infusiblo state. The cold-molding 
operation is faster than hot-comprcssion molding since the cunng 
is not done in the mold, but the higher pressires required for cold 
molding and greater abrasive action of the mineral filler make ^Id 
maintenance much more of a problem than it ia in hot molding. 
Typical applications of cold-molded plastia include connector plugs 
on household eleotiical equipment, heat-resistant handles and knobs 
for cooking utensils, and battery boxes. 

Phinol-foTTnaldehyde rwtm—The first and still the most versali a 
of the iiommereial synthetic resins, the pheuol-formaldeliyde con¬ 
densation product, was described and patented in 1009 by Hendrik 
Baekeland. Thus, both the original thermoplaatic material, relluloso 
nitrate plastic, and tho original Uiermosstting materiol, phenol- 
formaldehyde resin, were first derreloped commercially in America, 
Johann Friedrich Baeyer had reported in 187S that the reaction be:- 
tween phenols and nJdehydea leads to the formation of rewina, but 
no products of industrial interest were obtained for the nest 35 y^rs 
because of the inability of investigators to control the reaction. 
Baekeland's Bfth-mol potent provided tliis e^ntial feature, and Uis 
heat and pressure patent deacribed the technique for converting tins 
resin in a relatively sihort time into a molded article of excellent 
mechanical and electrical propertiESL The basic patenla covering ihe 
preparation of solutions of this resin and their use in impregnating 
fibrous shsebi to make laminoted products were issued to Baekeland 
in 1910 and 1912, respectively. 

The manufacture of BakcUte phenolic pbiatics was begun in Baeke- 
land’a Yonkers, K. Y., laboratory in 1907. The General Bftkclite 
Co. wasorgoniaed in 1910 and was mergeil in 1922 with the CondeiiHita 
Co. and the Rcdmonol Chemical Products Co. into the Bakclite Cor¬ 
poration. Since the expiration of the basic patent in 1926, many 
other lirnis have marked phenolic resins under other trade names, 
for example, Durex and Bestnos. 

An important modification of this general type of resin is the use 
of furfural, produced from waste oat hulls, in place of fonnaldehyde 
for the cniideasation reaction witli phenol 

Typical applications of phenolic plastlca include distributor heads, 
coil parts, switches, and related elements in automobilea and air¬ 
planes, camera en bos ami other housings, comifiion'resistant apparatus, 
and telephone and radio equipment In combination with paper and 
fabrics, phenolic resin [froduccs lamirated producta which are used 
for gears, bearings, trails, table tops, refrigerator doors, wall coverings, 
doom, and counter and cabinet paneling. 
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Casein plastic.^Th^ discovery of tlie tough, insoluble, hornlike mass 
produced by the action of formaldehyde on milk casein is said to 
have been made by two men who were looking for a composition ma¬ 
terial to replace slate for blackboards. These two men, Wilhelm 
Krische and Adolph Spitteler, began production of casein plastic 
about 1900 in Germany and France, respectively, using the trade name 
Galalith, meaning milk stone. It was 1919 before successful produc¬ 
tion in America was realized, and its use has been limited because 
of the marked variations in climate throughout the year, which lead 
to warping and cracking of this plastic. Its use is confined to small 
articles like beads, buckles, buttons, game counters, novelties, and 
trimming accessories, 

Celhdom acetate flastic—K period of very active development of 
new plastic materials in America started with the appearance of 
cellulose acetate in the form of sheets, rods, and tubes in 1927. The 
firm which pioneered in the development of pyroxylin plastic also 
introduced cellulose acetate plastics to the American market. This 
was accomplished by a combination in 1927 of the Celluloid Co. with 
the Celanese Corporation, already a large producer and consumer of 
cellulose acetate for rayon manufacture. In 1929 the first cellulose 
acetate molding powder was marketed for use in compression molding. 
The appearance of the injection molding press in the early thirties 
greatly increased the speed with which molded articles could be pro¬ 
duced with this thermoplastic material. Cellulose acetate plastics and 
molding powders are now available from several commercial sources 
and have outstripped the cellulose nitrate type in the quantity and 
dollar value of annual production. 

Cellulose acetate very early found use as a safety photographic 
film to replace the hazardous cellulose nitrate product. Many of the 
applications of this plastic—for example, protective goggles, oil gages, 
screw-driver handles, and flexible window material—^have been 
brought about by the safety factor introduced by its high resistance 
to impact It is employed in practically every make of automobile 
and the total number of acetate parts involved is well over 200j includ¬ 
ing such items as knobs, handles, switches, escutcheons, steering 
wheels, instrument panels, horn buttons, and dials. Some of the 
trade names for cellulose acetate plastics are Lumarith, Plastacele, 
and Tenite I. 

Urea-formaldehyde ydasticB .—^The appearance of the urea-formal¬ 
dehyde resinous molding compound on the American market in 1929 
meant the extension of unlimited color possibilities into the field of 
thermosetting molding. Two such urea molding powders, Aldur and 
Beetle, became available that year, while another, Plaskon, was mar¬ 
keted in 19S1, Extensive use of urea plastics in the illuminating in- 
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dustry has resulted from their efficiency in providing a diffused lights 
plus their lightness in weight and shock resistance. The fact that 
they are insoluble, infusible, tasteless, and generally chemically inert 
has made possible their successful use for bottle closures and light¬ 
weight tableware. The urea-formaldehyde resins have also been in¬ 
troduced into the field of laminated plastics as paneling and trim for 
bathrooms, libraries, and hotel and theater lobbies, in order to take 
advantage of the many stable colors in which they are produced. 

Cast phenolic plasticB .—Phenolic resin for casting is prepared in 
the form of a viscous syrup which is poured into lead or rubber molds 
and hardened by heating. Products were made as early as 1910 from 
cast Bakelite resinoids, but in their modem form cast phenolics were 
first introduced in America in 1928- Cast phenolics are known by 
such trade names as Catalin, Gremstone, and Marblette, They owe 
their popularity quite largely to their beauty and decorative value, 
and this type of plastic is often referred to as the ”gem of modern 
industry.’^ Typical application include advertising igns and dis¬ 
play, clock cases, game counters and pieces, radio housings, and 
lighting fixtures. More recently their ue in indutrial adhesives and 
laminating varnishes has been promoted- 

Vinyl resin plastics .—^Resins formed by copolymerization of vinyl 
chloride and vinyl acetate were first made in the United States by 
the Carbide and Carbon Chemicals Corporation under the trade name 
Vinylite in 1928. This type of resin has found its most important 
uses in phonograph records, coatings for concrete and metals, can 
linings, adhesives, and electrical insulation. In a highly plasticized 
form, it is now employed for making transparent belts, suspenders, 
and shoe uppers. The resins formed from the individual esters— 
vinyl chloride and vinyl acetate—are also important commercially 
for the manufacture of wire and cable coverings, coated fabrics, ad¬ 
hesives, and plastic wood-filled compositions. Polyvinyl butyral plas¬ 
tic has been found to be outstandingly superior for use as the binder 
in laminated glass for the automotive and aircraft industries- Three 
plants were built for its manufacture during 1937 and 1933, and it 
has now largely supplanted cellulose acetate in this particular appli¬ 
cation. Production of vinylidene chloride resin was initiated by the 
Dow Chemical Co- in 1939, and 1940 saw its successful use in fishing 
lines and seat coverings. 

Styrene resin .—^In 1937 the Dow Chemical Company made avail¬ 
able a synthetic monomeric styrene of high purity and a correspond- 
ing polymeric product, Styron, in clear, transparent form. The 
Bakelite Corporation also started to manufacture Bakelite poly¬ 
styrene this same year. The most significant properties of polysty¬ 
rene are its low power factor and practically zero water absorption. 
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These remarkable properties make styrene resin exceptionally well 
suited for radio-frequency insulation. Its transparency and chemical 
resistance are responsible for most of its other uses, such as bottle 
closures, refrigerator trim, automotiTe accessories, and indirect light¬ 
ing of mileage and other indicators. 

Acrylic resins .—^The acrylic resins were first prepared industrially 
in America in 1931 for use in coatings and as a binder for laminated 
glass. The better-known and very interesting methyl methacrylate 
resin is a product of more recent origin. The cast resin, called Plexi¬ 
glas and Lucite, respectively, by its two manufacturers, reached the 
production stage during 1937-38. The airplane industry has found 
these cast sheets particularly well adapted to their requirements for 
gun turret and cockpit enclosures because of their lightness, weath¬ 
ering resistance, nonfragility, and clarity. The resin’s high internal 
reflection makes possible spectacular and useful lighting effects in 
edge-lighted signs and dental and surgical instruments. This type of 
resin has been found to be preeminently suited for dentures. Its 
optical qualities make it suitable for spectacle and camera lenses and 
for reflectors for indirect highway lighting. 

Cellulose acetate hutyrate .—^The Hercules Powder Co. introduced 
this material in 1932 as a protective coating base. The Tennessee 
Eastman Corporation started manufacture of a cellulose acetate 
butyrate molding composition in 1938 and designated it as Tenite II, 
the original Tenite being their cellulose acetate molding compound. 

Cellulose acetate butyrate compositions are superior to cellulose 
acetate plastics in weathering resistance and in freedom from warp¬ 
ing. The requisite plasticity can be produced with a relatively low 
percentage of plasticizer and with comparatively nonvolatile and 
water-insoluble plasticizers. The applications of cellulose acetate 
butyrate plastic are primarily such as result from its combination of 
toughness and resistance to weathering, for example, woven furniture 
for exterior use, automobile accessories, and fishermen’s equipment. 
Its record of achieving new applications during 1940 was outstanding 
among the plastics. 

Ethylcellulose .—The first cellulose ether to be made commercially 
in America was ethylcellulose. The Hercules Powder Co. began 
making it in 1935 and the Dow Chemical Co. undertook its manu¬ 
facture in 1937, marketing their product under the trade name Etbo- 
cel. Ethylcellulose plastic has not as yet come into general use for 
molded parts. Its chief applications to date have been in protective 
coatings, adhesives, paper and fabric coatings, wire insulation, and 
extruded strip. Another cellulose ether, methylcellulose, was an¬ 
nounced by the Dow Chemical Co. late in 1939. Methocel, as it is 
called, is water soluble, odorless, tasteless, and nontoxic. It yields 
films which are greaseproof and highly flexible. 
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Lignin The utTlizalioD of TFfltfUt 'vood flnd wwdiist for 

Llio pcoductioii of molding compositiotiit has been die objective of a 
considerable number of investigators for ths past 10 jears. 
eontaiiis npprosimately 2S percent of lignin, a complei and highly 
reactive organic compound. To 1037 a lignin plastic first 
avaUeble under the trade name Benaloid, manufactured by the Ma- 
Boniti! Corporation. The devnlopment of lignin molding coiupo* 
sitions of both the thermoplastic and thermosetting types was 
announced in 1089 by the Maratliou ChemicHi Co. The poaaiblo 
commercial applications of this type of plastic have just begun to 
be explored. The low cost of die nccossary ingredients mates thia 
plastic of interest for industrial applications which require largo 
quantities of material, such as certain automnLive parts, building 

units, furniture, and wall paneling. 

Alkgi A survey of plaslica would not bo complete without 

mention of the alkyd mains. They are ufierl primarily as coating 
materials which, incidentally, are tin- largest single oudet lor syn¬ 
thetic n«iin«. Over 75.000,000 pounds of these resina were prodttcetl 
in 1938, out of a. total resin prraluclion of about 215^00,000 pounds 
for tliat year. Tliey am made by the reaction of phtlmlio anhydride 
or maleic anhydride with glycerol or other polyhydric alcohols. 

Finishes based on these resins, Glyptal, Dulux, and Beryl, are 
characterized by rapidity of drying, gooti durability outdoonj, excel¬ 
lent fiexibility, tenacious adhesion, and electrical inBuiating qualities. 
These resins during tlie thirties replaced the jjyroiylin lacquers to a 
large extent for finishing the bodies and fenders of mohw care. 

Nylon These polyamide resins are tnarta from polyamines 

and polyhasic acids. They could ba colled onikyd resins, following 
the terminology used in ilie name “alltyd” for reaiiiH made from 
polyhydric alcohols and poly basic acids. Thn basic raw materials 
for nylon resins are caator oil from which eebocic acid (a lO-coibon 
dibasic add) is obtained, and phenol whicli by hydrogonotion and 
oxidation yields adipic acid (a 6-carbon dibasic acid). Hexamethyl* 
one diamine maile from adipic acid, and dwatnethyleno diamine made 
from sobncic acid are typical diamines used in syntliesizlng these 
rosins. Nylon muo was made available on a large scale by E, I. 
du Pont lie Nemours and Company, Inc., during 1940, It has already 
proved its suitability to manufacturer and eoneumar ailka for hosiery 
and lias been accepted as a superior bri.slie material for tooth brushes, 
hair brushes, and bruahea for miscellaneous indujitriHl purposes, 

Co'^imwrone-indeti6 rea?’ws.““The manufacture of this type of resin 
from certain coal-tar distillates was begun in 1919 by the Barrett 
Co. using the trade name Cumar, In 1929 the Neville Co. marketed 
such resins as Nevindene. Tlis low softening points and brittleness 
of these tesins have restricted their use to serving as plastidxtng 
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agents and tacldfiers with T&riou5 organic binding xnatcrkls in rubber 
compounding, floor-tile compositions, end other indostrinl npplicB- 
tions, AnnuaJ production in 1835 was 8,000,000 pounds and the 
output is said to have increased appreciably in recent yeani. 

Molding teohniqv £.—^Tlie liiscavery of the fumlaojentjil principle 
involved in the operation of the hydraulic press is generally conceded 
to have been made by Blaise Pascal in 1653. The adaptation of this 
principle to a practical machine is credited to JohepU Braoiab in 
1785. Little industrial use was made of it until after the discovciy 
of tlio vulcanization of rubber by Charles Goodyear in IfiBD. A 
simple hydraulic rod-type press, between the platens of which a 
3-piece mold was inserted, was developed for hiLridlitig the manii- 
facture of rubber products and was subseqently employed for 
molding the Lhermoplastica. 

The advent of the phenolic thermosetting resin in 180D provided 
the sLiumliis for introducing features in the compression molding 
press which would increase the output from a given mold. However, 
realization of tlie fully iiutomatic compression molding press hoa 
come about only hi the last 3 to 3 years. These prest«is perform all 
the operations of ruutiiia molding of thermosetting plastics, consist¬ 
ing of measuring the charge of mulduig [lowder, preheating it, loading 
it into cavitiHi, cloaijig the mold, opening it Blightly for breathing, 
that is, eipulsioa of gama, closing it again for a predetermined 
curing period, opeJiing the mold, ejeedng the (mislieil pieties, blowing 
flash from the cavities and plungers, ant] then repeating this cycle 
hundreds and thousands uf times with the only muDuuJ labor required 
being to keep the hopper supplied with the uiohling powder. 

The original conception of iba injection molding principle is com¬ 
monly attributed to Edmond Pclouzc, who In 1856 developed a die¬ 
casting machine for forcing molten metal into a die by mechanical 
or hydraulic means. The industrial hietory of the injection molding 
machine for plastics in the United States is only about 5 years old, 
a fact which soemB almost incredible wlieri one looks at the Imge 1810 
model <uipable of taking a mold 3 by 4 feet in cross section and 
turning out four 36-cuQce mold!tigs every minute. 

Tlw need for die injection molding machino caiiiB with the w>m- 
morciol tUvelopmcnt in of the lieatHStnble thermoplaetic mold¬ 
ing mateiial, cellulose acetate, which required an uneconomical 
c h illing period when molded by conventional compression metJiods. 
Till* cellulose acetate plastic, however, unlike the older cellulotte 
nitrate type, could be kept hot for a relatively long period in a hpnti T^ g 
chamber and injected hot into a cold mold, wherein it cooled in s 
few seconds to a temperature at which it would main tain its 
and hence conld be ejected from the mold. 
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At the close of 1935 there were approximately 75 injection mold¬ 
ing machines in use in America, mostly of % to V/z ouncte per cycle 
capacity and suitable only for the molding of small articles, such as 
buttons, pocket combs, and costume jewelry. The demands of molded 
for machines of increased capacity and sturdier construction to 
used for turning out parts for industrial applications led domestic 
press manufacturers to construct injection molding machine with 
radical changes in the design of the heating cylinders, spreading de¬ 
vices, injection plungers, and clamping devices. By combining sev¬ 
eral cylinders, each feeding into a different inlet in the same mold, 
parts of considerable size weighing up to 36 ounces can be produced. 
It is estimated by the Institute of Plastics Research that at the close 
of 1940 there were in the United States 1,000 injection molding 
presses, 11,000 compression presses, 550 prefom presses, and a rapid¬ 
ly growing number of plastic extruding machines. 

SUMMABT OF IWO ADVANCES 

No really new plastics appeared on the market during 1940, but 
outstanding progress in developing increased volume and new mar¬ 
kets can be credited especiaUy to the vinyl ^er resins and ceUulose 
acetate butyrate. Vinylidene chloride resin is commanding attention 
in its applications as high-strength fibers and scat coverings. Nylon 
resin is entering the industrial field as bristles for brushes used in 
the textile-printing trade. There was further activity in the manu¬ 
facture of melamine resins, which, in combination with the chemicaUy 
similar urea resins, are finding ready acceptance by the automotive 
industry as a hard, durable, rapid-baking finish for car exteriors. 

Improvements in injection and compression molding presses have 
been concerned primarily with various operating features, partic¬ 
ularly heating and automatic controls. Tlie technique of continuously 
extruding thermoplastic materials also advanced considerably dur¬ 
ing 1940, and extruded plastics are replacing reed and rattan in 
woven furniture. A process for forming molds by spraying metal 
against a model has been perfected to the point where production 
molds have been made and are being tested in service. 

The aircraft industry was spotlighted during the past year, and 
further important strides were made in the use of plastic plywood 
for molding airplane wings and fuselages. An outstanding develop¬ 
ment in this field was the laminated plastic tab for insertion in 
aileron, elevators, and rudders to aid in balancing and controlling 
the aircraft during flight. The reinforced plastic contributes a saving 
in weight and greater rigidity in this part. Other military applica¬ 
tions of plastics include transparent plastic windshields for airplanes, 
luminescent resins for various devices, cellulose acetate chutes for 
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conTeying ammimition from boxes to machine guns, plastic face pieces 
and lenses for gas masks, molded parts for shells, and the use of 

synthetic fibers in parachutes. . , « i j 

Eesin-bonded plywood in 1940 expanded into many industrial fields. 
Kefrigerator cars constructed largely of this material are said to be 
6,000 pounds lighter than the previously used type and to provide 
an economy in fabrication costs because of an 86.5 percent reduction 
in the number of joints. Simplification of small-boat construction 
and improved weather-resistant decking and planking for larger 
craft have also marked the introduction of this material into the 
shipbuilding industry. The use of laminated plastic for bearings 
and cams in high-speed industrial machinery was further extended 
during 1940. Jigs and fixtures made of laminated plastic represent 
a new development for light milling operations. Laminated sheete, 
rods, bars, and tubes of various cross sections and lengths are avail¬ 
able so that these tools can be produced with very little machimng. 

Progress in plastics applications during 1940 may be summed up 
by noting that many branches of industry, such as the automotive, 
radio, refrigerator, and mechanical handling fields, which had pre¬ 
viously made extensive use of plastics, added new molded parts to 
their products, and that other manufacturers of consumer goods, 
faced with military priorities for light and heavy metals, turned to 
the synthetic plastics as readily available and suitable materials for 
structural parts of many types of equipment. 
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Plate 1 



SUCCESSIVE Steps in the Manufacture of a Plastic. 

h At the starting? Une are the.se snowy cotton Llnten^p Taken from the tiottonsthed after the spinnahla 
cotton has been Einned* these short* fuazy fibers are bleached atid scounHl to a fluffy masi of pure cellulose. 
2, Into this acetylating mbcer go the cotton Unters, catalysts, and a vinegary solutbn of acetic anhydride 
and acetic acid. Powerful machinery stirs the mixture during reaction. X Drastic transformation. 
.\cetytator tips up. and out pours an entirely new substance—cellulose acjtate. -I. The cclitilosc Bcetate 
is then hydroly^&d (or ripened) in huge storage Jars. ft. Cellulose acetate reappears in cakes which may 
eventually become phot^raphic him. transparent wrapping material* acetate rayon* or other pieties. 
A. The plastic* Tenitc, shown here Is supplied in Gnraaular, blank, and sheet forms lor molding* It U 
available in plain and variegated colors, and in aU degrees of transparency from crystal clear to opaque* 
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j * PLASTICS FCH Oik CAMS. Z- pLAfiTfca FOR SAFETY, 
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5 WCAVINS A PLASTIC Mat fefilAL 
WfiV^n f!4iran itu|Ic«i a rntliinlkkkP K-bE IhdVrfICl|. 
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PLATE 3 



2 , NVLOH BRUSHES tN IhOUSTRY. 

T|ir-tiXUTTtt®r b Mii^lna atw tirijatw' Intrj ilip Jiudiliie whkli U ti' ^ boETlloi' coin|M-nr^ 
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PLASTICS IN Airplane CONSTRUCTION. 

This new all nieial monoplane has a windshield, (Xjckpit cnclosUA^ and rear window all fabricated from tdoar, polished sheets of VitiyUte plastic. 
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V^TAiHNS AND THEIE OCCURKENCE IN FOODS' 


Uj Hazel R McmiiELL 


rNTnODUCIlON 

The first Titamins vrerft discoTered leas than 3 decades ago, hut 
then an almost phenntiiiiiial number of Hubstances has 
classified in this nutritionally important group. A complete luting 
at the present time would include as maiiT as 40 or more and there 
are indications of the existence of sUll others. 

The presence of vitamina in foods was recognized from obaerva- 
liona of the almost upectacvdar effect certain foods have on growth, 
fonctinn, and general well-being of the body. For centuries it had 
been known that the juiee of limes or lemons would prev^t or cure 
scurvy, but there had never been an adequate explanation of this 
relation. When it waa demonstrated that a substanoe in the outer 
coating of the whole rite grain would cure or prevent the disease 
known as beriberi, and that butter and egg yolk containfiil a sub¬ 
stance naiuired for growth and for the prevention of a peculiar 
nt inflammation of the eye, it became apparent that foods contain 
certain subetances other than protein, carbohydrate, fats, and min¬ 
erals which are likewis* essential for normal nutrition. 

The sulMtanccs in foods credited with these properties were dis- 
tinguisbed by descriptive terms as the antiscorbutic, antibariberi, 
and antiophthalmic factors, respectively, or on the basis of their 
solubility, as water-soluble C, water-soluble B, and fat-soluble A. 
When tlie name “vitamin,” from the tonn “vitamine" originally ured 
for the antiberibci-i substeiuas, was suggested for them^ as a group 
thsy were dedgnated vitamin C, vitamin B, and vitamhi A, Since 
the chemical composition of the vitamins became known, several of 
them have received names related to their chemical structure. Thns, 
vitamin C is now known as ascorbic acid, vitamin B, aa Uuamin, 
vitamin G op B, as ribofiavin, and vitamin B* as pyridmdne. 


iS«pHiilca by pcmIsllDll frwi THp MnUaX UmoriKl *Niih! qiiATtcrty, voL 18. Ko. *. 
Oeleter lOie. 
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For various reasons a number of the crater-soluble vitamins have 
been grouped together as the vitamin-B complex. Vitamin B^ and 
vitamin G were the orginal members of tliis group which now in¬ 
cludes nicotinic acid and vitamin Ba as well as five or sis other 
factors not mentioned in this discussion. 

The number of vitamins actually known to be essential in human 
nutrition is relatively small. The importance of vitamms A, Bi, and 
C in the diet is now well known. It is certain that vitamin D is a 
requirement of children, and while it may be needed by adults as 
well, perhaps in lesser amounts, this is yet to be demonstrated. ^ Evi¬ 
dence of the significance of riboflavin (vitamin G) in the diet of 
man has been obtained within the last 2 years, and we now have a 
clear picture of the external symptoms that follow the use of a diet 
deficient in this factor. Since the announcement in 1937 of the value 
of nicotinic acid in the cure of the disease in animals which is com¬ 
parable to pellagra in man, considerable information has accumu¬ 
lated to establish the value of this substance as a pellagra preventive. 
There is still some question as to whether nicotinic acid and/or 
nicotinamide can unreservedly be designated the pellagra-preventing 
or P-P factor or factors, but there can be no doubt that they are 
specific in their effect on certain symptoms of pellagra. The sub¬ 
stance in foods which is referred to as vitamin K helps promote the 
clotting of blood, and the supposition now is that it functions in 
man, as well as in animals, in maintaining a normal level of pro¬ 
thrombin in the blood. An anemia which occurs in chicks given a 
diet deficient in vitamin K responds to treatment with extracts 

containing this vitamin. . , , 

These are the vitamins definitely known to be required by man. 
There is also considerable evidence in favor of two others, vitamin 
E and vitamin E^. Vitamin E (alpha-tocopherol) has been shown to 
be important for normal reproduction in several species of animals 
and it may be required for successful reproduction in the himan 
species as well. Both vitamin E and vitamin B* are being actively 
inTestig&ted at tbe present tiin©* 

The importance of the vitamins to normal nutrition is now fully 
recognized, although there is still a great deal to learn about these 
substances. In planning foods for the day it is essential to know 
how to select them for vitamin values as well as for their content of 
protein, carbohydrate, fat, and minerals. The purpose of this article 
is to give a brief and not too technical presentation of our knowledge 
of the properties and food sources of these vitamins. A brief de¬ 
scription of the method of quantitative expression used for them and 
a table of values for vitamin A, vitamin Bi, vitamin C, and riboflavin 
content of common foods are also included. 
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VITAMINS—^MUNSBLL 
PROPERTIES AND FOOD SOURCES 
OENBRAL CONSmERATlONS 

The most distinctive common characteristic of the vitamins is the 
fact that they occur in foods in almost infinitesimal quantities and 
are effective in the body in similarly small amounts. Beyond this 
they have little in common since they differ markedly both m their 
physical and chemical properties. Some are soluble in water while 
others dissolve only in fats and fat-solvents. Some are easily de¬ 
stroyed, especially at high temperatures and when oxygen is present, 
as when foods are heated in air. Others are fairly resistant to de¬ 
struction by heat even when heated for several hours at temperatures 
well above the boiling point of water. In the case of nearly all of 
them, however, destruction takes place more rapidly in alkaline than 

in acid solution. _ ... 

In estimating the vitamin value of foods in the diet it is essential 
to know and keep in mind the properties of the various vitamiiis in 
order to be able to take account of possible losses. Consideration 
of changes that occur in the vitamin content of foods during processes 
connected with preservation and preparation, such as storage, freez¬ 
ing, cooking and canning, and drying, is of as much importance as 
consideration of the vitamin content of the fresh or untreated food. 
A food which, in its original state, is a perfectly good source of one 
or more of the vitamins may have its content of one or all of these 
factors reduced to insignificance as a result of the treatments it un¬ 
dergoes during preparation for consumption. Loss of vitamin value 
may be brought about not only as a result of inactivation or destruc¬ 
tion of the vitamins but also through their mechanical removal by 
solution, the vitamin passing out of tliB food material into the sur¬ 
rounding liquid. 

While vitamins are found in foods of both plant and animal 
origin, plants—generally speaking—should be considered the pri¬ 
mary sources since animals depend upon plants for their supply of 
most of the vitamins. This does not mean that the substance re¬ 
sponsible for vitamin value in plant tissue is always the same as that 
having a similar function in animal tissue. Vitamin A, for instance, 
does not occur in plants, the vitamin-A value of plants being due to 
certain orange-yellow substances called carotenoids. These are broken 
down in the liver of the animal so that vitamin A is derived from 
them, and for this reason the carotenoids are sometimes called the 
“precursors” of vitamin A. 

It is now well known that foods show marked differences both in 
the kinds and amounts of vitamins they supply. Differences in the 
vitamin values of different foods do not constitute the only problem 
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o£ variation lliat must l>e coDsUlered, howeTer. Tbare is the equally 
iiRpurtant matter of variatiou from sample to sample of a single 
food item, Wliile it may generally be takcu for granted that samples 
of a given food, selected at diflcrent times, will contain the same 
ydnd or kintls of vitamins, it does not neoaasorily follow that they 
vfill contain equal quantities of ony hind. The idea must not be 
held with respect to any natural food, that it has a definite and fized 
content of any vitainiD — unless, perchance, it is kkco. 

The prnblem of sample Tariation in vitamin content of foods is 
responsible for some of the newer phases of viLamin research j espe¬ 
cially in connection with Indies nslatcd to food pToductinn. Some 
of the factors associatfid with this variation have been identified but 
there is still much to he learned. In foodw of plant origin, rarlei^ in 
a given kind is very often an important factor in relation to vitumin 
content. Age and maturity of the product, its sue, the amount and 
kind of fertilizer used in cultivation, the amount of nioiature present 
in tlifi soil, and the degree of exposure to sunlight may also have 
considerable influpnce+ In fotala of animal origin the breed of the 
animal fi‘om which the food comcRp aa well aa ita ag^ and physical 
condition^ is sometimes of rigniGcance, but the most importajiL fac¬ 
tors are the vitamin content of the animars food and, in the case of 
vitamin-D value, the length of time the animal wtis exposed to aun- 
khine. This sums up to the conclusion that values for vitamin con¬ 
tent can in no sense be conaidered exact unless correlateil with an 
adequate Imowlcdgo of the conditions that might have had an 
influence on them. 

A point of considerable practical importance in dealing with vita¬ 
min values for foods is the fact that relative vitamin potency may 
easily be discussed by reference to food groups or food types. A diet 
can bo pUemed on the basis of food grotips ruther than individual 
foods, tlms iBSsening the tendency to place undue emphasis on one 
food that may have been shown to be very rich in a particular 
vjlamim 

V1TA31I2? A 

Vitamin A belongs to the group of fat-solnble vita¬ 
rn ins and is practically insoluble in water. Tlui pure vitamin^ pre¬ 
pared by freezing it out of solution, is a pale yellow^ viscous, oily 
aubttatice. It is not readily broken down by heat but k itiactivated 
by oxidation, especially when heated m a medium where there is 
free acceoa of oxygen. 

As already explained, the vitamin-A value of foods of plant origin 
is duo not to vitamin A, aince this doea not occur in plants, 

but to the presence of orange-yellow pigments called carotenoids—^ 
“precursors^’ of vitamin A. Them are four of these sub^nees: 
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nlplia-, and gamraa-caratene, and eryptoxunthm. B«ta-c»n>- 

t€ne is by far the most important and most iividoiy distributed in 
natural food products. Cryptoianthin occurs in only a few fonds. 

The carotenoids, liko vitamin A, are soluble in fats and fat-solvonts 
and are not readily iosctivated by heat except os oxygen is present 

Food ^oMTCca.—The vitamin-A prectn»ot» may occur in any part 
of a plant root, stem, leaf, tloi?er, fruit, and seed. There is enn- 
siderafale variation, however, in the amounts present in foods of 
plant origin. Many contain them in abundance, and some carry only 
small amounts or none at all. 

An orange-yellow color in foods of plant origin indicates the 
presence of one or all of the plant carotenoids from which vitamin 
A may be derived and furnishes a rough indez of vitaniin-A potency 
in many vegetables as well as in fruits. Carrots and sweet potatoes 
arc outstanding examples O'f this Felationsbip. This index holds 
good where there are yellow and white varieties of a given product. 
Yellow turnips, yellow peaches, yellow corn, and yellow tomatoes 
are sources of vitamin A whereas the corresponding white varieties 
are not. To avoid confusion as to the application of tliesa lindiiiga 
a word of caution seems advisable here. The fact of the presence of 
vitamin A in yellow varieties of foods is no reason for ignoring the 
white varieties. They may have values the yellow ones do not have. 
There is a place in the diat for all types of foods and there is liltle 
or no reason for consisteatly using certain ones and excluding others. 
Care should be taken to avoid applying factual Information on food 
values in a fanatical way. 

A yellow color is not invariably associated with vitamin-A fw- 
tcncy, for there arc yellow plant-pigments that do not yield vitamin 
A- A red color has no relation to vitatuin-A value and is not indica- 
tivo of it except that in some foods a red color may mask the orange- 
yellow of caroUine, An example Is the red-fieshed tomato containing 
carotene cither in the Besh or the skin. 

Ex[>erienee has led to the recognidon that a green color * in plants 
indicates vitamin-A value. Green leaves, and more especially thin 
green leaves like those of spinach, kale, daudellon, and leaf lettuce, 
are among the richest sources of vitamin A. Other green foods that 
ora notable in this respect are green string beans and green peppers. 
The stems of asparagus, celery, and broccoli, ntid many other plants, 
may be appraised for vitamin-A value on the basis of greenness. 
Bleached parts of plants that would normally be green but do not 
have the green color, either because the chlorophyll never developed 

^ thfi c^larlDf iDAttCr of plintl^ dMi not Its&lf rfimi W.DI part 

TltiiBlb j&H Irat ilitbtcib »D«Dtnilos Bf iM^TEtADlg In luirtJ oE Uw pltpc ctitQf«iphjll 

EuDcttoiu bo.! lihJ tD Ibe luiEivtf^D tliKt II iiHir P^J A Ib EIm ronii4tl9a aE tbt Ticajila. 

la tha plant WAbM la LLat cu: bi dikf tp lutMUaKf 

tniupprtfd tv iluffl fpr ikanet. 
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or becau^ it was destroyed as in the case of winter cabbage, the 
iimer leaves of lettuce, and the bleached stems of asparagus and celery 
have practically no vitamin-A value- 

In general, roots and tubers may be accepted as low in vitamin-A 
value with the exception of carrots and sweet potatoes, as noted above* 
Seeds, including nuts, cereal grains, and legumes (peas and beans), 
are on the whole low in, or totally devoid of, vitamin-A value unless 
they have some green or yellow color as peas and yellow coitl 
Vegetable oils contain little or no vitamin A* 

Among the foods of animal origin, eggs and milk are important 
sources- The hen and the cow do not convert all of the carotene 
obtained from thedr feed into vitamin A, and eggs and milk contain 
both vitamin A and carotene* In both cases the proportion of vita¬ 
min A is much higher than that of carotene* The ratio between the 
quantities of these two substances in milk from different breeds of 
cows may be significantly different, some breeds, for instance, con¬ 
sistently giving milk which contains a higher proportion of carotene 
than others. Since vitamin A is soluble in fat and only slightly, if at 
all, soluble in water, the vitamin-A value of the egg is in the yolk 
and that of milk is In the cream* Butter is an important source of 
vitamin A, and other milk products, such as cheese, contain it in 
proportion to the quantity of milk fat present* 

Eggs and milk show wide variations in vitamin-A values. The 
total quantities of both vitamin A and carotene in eggs and milk are 
influenced by the quantities present in the feed of the respective ani¬ 
mals producing tiese foods- During the summer months, when 
green feed is available, milk and eggs may show radically higher 
values than during other months of the year, although present-day 
feeding practices, by the use of feeds of high vitamin-A value 
throughout the year, tend to eliminate seasonal variation. 

In contrast to its precursors, the carotenoids, vitamin A has very 
little color. Inasmuch as milk and eggs contain both carotene and 
vitamin A, color is of little value in judging their vitamin-A po¬ 
tency. This is especially true of eggs. If the hen derived vitamin-A 
value from green feed or products rich in carotene, the yolk of the 
eggs will be deep yellow in color and will have a high vitamin-A 
value* If the hen did not have access to green feed or other highly 
colored food, but was given feed containing cod-liver oil, which 
contains vitamin A but not carotene, then the yolk of the eggs will 
be very light in color and still will be rich in vitamin A. 

Meats vary considerably in their vitamin-A value since much 
more of this factor is stored by some tissues than by others. Liver, 
especially, retains large amounts of it when there is an abundance of 
the vitamin in the diet, which makes it a rich food-source but from 
the standpoint of cost it can hardly be considered an important one. 
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Glandular organs, other than liyer, contain fairly large amounts of 
the yitamin but, like liver, they are available in limited quantities. 
Lean muscle meats contain only small quantities of vitamin A, 

Losses of mtamin-A vcdue.—Vitamin A and its precursors are not 
greatly affected by any of the processes connected with food preser¬ 
vation and preparation unless there is considerable chance for oxi¬ 
dation. Foods tliat are stored show a loss only after prolonged stor¬ 
age. This is greatest in foods that have been dried preparatory to 
storing, such as dried grasses and dried fruits. Even though such 
foods were good sources to begin with, they may lose as much as 50 
percent of their vitamin-A value in a few months’ time. Boiling and 
steaming cause practically no diminution in vitamin-A content. 

I Losses have been noted as a result of baking but they are not serious; 
in roasting, destruction of vitamin A is appreciable. 

As would be exjiected there is little or no loss of vitamin A when 
foods are canned. During storage the vitamin-A content of canned 
^ foods may decrease but this change takes place gradually and usually 

I is not appreciable up to 9 months, 

YTTA-Mm Bi (THIAMIN) 

I Propertiss, —^Vitamm Bi is a white crystalline material that is solu¬ 
ble in water. In plants it seems to exist in relatively simple combina¬ 
tion and may be removed fairly easily by extraction with water. In 
animal tissue it is present in more complex form combined with 
D phosphate. 

Vitamin Bi is described as heat-labile—that is, unstable when 
heated. Inactivation depends entirely, however, upon conditions 
under which it is treated. In acid solution it is relatively stable but 
in neutral or alkaline solution it is readily broken down, the rate of 
destruction being higher with increase in alkalinity, temperature, 
and time of heating. The rate of destruction of the vitamin is also 
^ higher when it is heated in solution or in mixtures that are moist 
than when heated in dry mixtures. 

Food sources ^—Vitamin occurs in practically all foods derived 
from plants with the exception of fats and oils, but there are very 
few concentrated sources. Vitamin-Bt values of foods seem to be less 
subject to the influence of conditions of production and are therefore 
somewhat more constant than other vitamin values. 

The relatively low concentration of vitamin Bi in foods and the 
8 lack of sensitivity of the methods for measuring it have not made it 
* possible to determine its distribution in the different parts of plants 

I as closely as in the case of some other vitamins. Seeds, including 
grains, nuts, and legumes, are known to be among the richest sources. 
In grains, the vitamin is concentrated in the embryo and outer cover- 
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ing. In the process of refining, these parts are largely removed, 
hence the importance in the diet of whole-grain breads and cereals 
from the standpoint of vitamin Bi. 

All fruits and vegetables contain some vitamin Bi- Although 
none of them is a rich source, they should be considered important 
sources since they comprise a part of all diets and are usually eaten 
in relatively large amounts. Potatoes should be considered especially 
in this respect* 

Milk is a good source of vitamin Bi in that it is generally con¬ 
sumed without having been subjected to treatment other than pasteur¬ 
ization which entails little loss of the vitamin. Eggs are also a 
good source, the vitamin being in the yolk. 

Meats should probably be rated as good sources of vitamin Bi, 
although there is considerable destruction during cooking. For 
reasons not yet determined pork has a vita min-Bi content two or 
three times greater than other meats, and the dark meat of chicken 
may be richer than the light meat. Glandular organs, liver and kid¬ 
neys for example, are somewhat richer than muscle meats. 

Fats and oils do not contain vitamin Bi* 

HossBs of vitdTn^ —^Ib considering loss of vitamin Bi in foods 
it is essential to keep certain facts clearly in mind: (1) The vitamn 
is soluble in water j (2) it exists in foods in different combinations 
which may have a bearing on the ease of removal and also on its 
destruction; and (3) inactivation of the vitamin depends upon con¬ 
ditions,® and the quantity destroyed cannot very well be expressed by 
a definite percentage but is more a matter of rate of destruction. 

When foods are cooked by boiling, the proportion of vitamin Bi 
destroyed is relatively small up to cooking periods as long as 1 hour, 
and generally does not exceed 10 to 15 percent unless the food is 
distinctly alkaline or has been made so by the addition of soda. 
The loss by solution, on the other hand, may be considerable, de¬ 
pending, in addition to other factors noted, upon the proportion of 
water used. Larger amounts of water remove more of the vitamin. 
The proportion of vitamin Bi found in water in which food has 
been cooked has been reported as high as 50 percent of that origi¬ 
nally present in the food. If this water is used there will be little 
loss of the vitamin. 

Baking causes only slight, if any, destruction of vitamin Bi but 
the higher temperature and longer time required for roasting results 
in appreciable destruction. 

*Acld flOlQtloQS containlBg titainln have been heated aa long as 1 hour at 129^ C. 
wlChoat appredabk deterioration of the Tttamln. In ailghtly alkaUne solutions losses ap¬ 
proximated SO percent daring 1 hour of beatlog at the boiling point of water. Dry mix¬ 
tures contatning ritaioln boTe been heated at 100^ C. for aa long aa 48 boura and hare 
shown no detectable change in their Titamln-Bi content. 
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In canning Hieks is apparently no loss of Titamm B| from proceaa- 
inz, tiiB greatest loss taking place during bliuiching or other pr^ 
durcfl where tliere is a cbiuice for solution. There are very few da 
to support a statement concerning the effect of storage on 
Bx in canned foods. Lcesses noted were determined after about B 

montW storage and ranged around 40 percenL . „ . , . 

Practical information on the inactivation of vitamin B* m foods 
during drying is almost entirely lacking. Tlie vitamin seems to be 
retained fairly well by fooda dried at a temperature of GO’ C, but at 
higher temperatures destruction is probably considerable, 

liTTAUIN P (ASOOUBIO ACIO) 

Titarain C in its pure form is a wMte cryetaULne 
material witli an acid taste and is readily soluble in water. It la 
inactivated by oxidation and the rate of destruction increase 
rapidly with increase in tenipcrature. The degree of acidly of the 
mixture also has a marked influence on the Btability of vitamin C. 
an acid inisturc like tomato juice it is destroyed only slowly, but m 
Ifisa acid solutions the rate of deatruction is much more rapid. 
Inactivation of vitamin C by oildalion proceeds in two steps. By 
mild osidative proecsses a Bubatance called dehydrooscorbic acid is 
formed. This substance, which functions in the animal body as vita* 
min C but does not respond to the usual chemical test, may^ be rc* 
dueed to ascorbic acid- Under more drastic conditions of oxidation 
the vitamin m completely inactivated and its activity may not be 

restored. . . . 

Food sovTcen .—Vitamin C may well be called ihe vitamm of rresn 
foods. This does not moan fre^ from the market, but fresh from 
the plant or aiiiinal tJiat produced tlie food. One authority has said, 
“with the exception of ripo sseeda, practically ail freeh foocla of cither 
plant or animal origin contam gciiEroiis amounta Titamin C.'’ 

Fruits and Tegetables are, on the wholi?, the richest sources of 
Titamin C* There is a tendency^ howeTcr, to limit the emphasb to 
fruits and TCgetables that can be eaten ruw, and more es|M?oial]y to 
the citrus fruits and tomntoea. Since these fipecific products are not 
only outstandingly rich sources of the vitamin but also retain their 
potency remarkably well during the Tarious treatments to wliich 
they may be subjected^ they have eome to be ootiHiciered almost 
essential in the diet^ Thiif tendency shimld probably not be encour¬ 
aged tiMhe extent of diverting attention from other fniiU ami 
tables that are equally iiuportant for viUuuin C- In some localities 
and at carta in times of the year other fruita and vegetahles^ if 
handled bo as to conserve their Titainin-C valuej might be more 
economical than citrus fruits or tomatoes* 
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Other fruits that may be considered important from the stand¬ 
point of vitamin-C content are strawberries, blueberries, and cran¬ 
berries. Among the vegetables, peppers are outstanding in the quan¬ 
tity of vitamin C they contain. Cabbage and other members of the 
cabbage family, cauliflower and bnissels sprouts, and turnips and 
rutabagas also contain large amounts. Vitamin C occurs in fairly 
high concentration in all leaves such as spinach, coUardsj turnip 
greens, and watercress. 

Variation in vitamin content according to variety has been studied 
more extensively with respect to vitamin C than for any of the other 
vitamins. Rather wide varietal differences have been shown for 
apples, tomatoes, oranges, and cabbage. In the case of oranges sev¬ 
eral other factors are known to influence vitamin-C content, making 
varietal differences as studied of lesser importance. Fully ripe fruit 
contains more of the vitamin than partially ripe fruit, and that ex¬ 
posed to sunlight is richer than that from the shaded side of the tree. 
The vitamin-C content of a given variety of orange decreases pro¬ 
gressively as the season advances although this change is less pro¬ 
nounced for some varieties than others. Conditions of cultivation 
also have an influence, but these are not as well defined as other 
factors. The extent of differences that exist in the vitamin-C content 
of oranges may be illustrated by values obtained in the Bureau of 
Home Economics on a dozen oranges examined individually. These 
oranges were of uniform size and appearance and were purchased 
at one time and came from a single bin in a store in Washington, 
D. C. The vitamin-C content ranged from 24 to 60 milligrams of 
ascorbic acid per 100 milliliters of juice. 

Factors other than variety that may influence vitamin-C content 
have also been studied with apples and tomatoes. With apples, size 
is significant. In this fruit the vitamin is concentrated in the skin 
and in the flesh just under the skin. Since the proportion of skin to 
flesh is greater in small than in large apples, a small apple contains 
more vitamin C in proportion to its weight than a large one. In 
tomatoes there is a gradual increase in vitamin C content as the fruit 
matures while during the actual process of ripening there may be a 
decrease. 

Milk and meats should not be considered significant sources of 
vitamin C. Milk as it comes from the cow contains an appreciable 
amount, but this is inactivated rapidly as the milk stands. Meats are 
not important sources because whatever vitamin C they contain is 
destroyed during cooking. Eggs do not contain vitamin C. 

Vitamin C is not present m fats and oib since it is soluble in water 
and not in fats. 
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Lam of vitamin C.-~Loss of vitamin-C value from 
occur as a ^It of inactivation by oxidation or removal of the vita- 

“consideratron of losses from oxidation ^uire ^ 

of factors pertaining especiaUy to Gas vitaimn. Some fru t 
vegetables contain substances called oxidases that accelerate the rate 
of Inactivation of vitamin C by oxidation. The® substances in turn 
are inactivated by heat and are destroyed m a short time 
at the boiling point of water. Small amounts of copper commg fro 
utensils and containers also catalyze, or hasten the oxidation of TUta- 
min C. Some foods also contain within their tissues an amount of 
oxygen sufficient to be a factor in the oxidation process. 

Deterioration of vitamin C begins in all foods as soon as 
removed from the environment in which they were pr oduce ^^. ^ 'IJis 
is the reason for indicating carefully what is meant by fresh foo^ 
from the standpoint of vitamin-C content. The rate of inactivation 
of vitamin C in fruits and vegetables that are allowed to st^d seems 
to depend upon their physical characteristics. Thin leaves like spin¬ 
ach lose vitamin C rapidly and may retain no more than 50 percent 
after standing 2 or 3 daya Peppers having a smooth compact 
outer covering, show little losa In apples the loss is gradual and 
ripe tomatoes may be stored as long as 10 days without detectable 
change in vitamin-C content Rate of inactivation in all such prod¬ 
ucts increases with increase in temperature so that loss is less when 

they are kept under refrigeration. 

In plant products inactivation is more rapid when the plant cells 
have been opened up so that the vitamin is exposed to oxygen. De¬ 
crease in vitarain-C content takes place in vegetables th^ are pre¬ 
pared for cooking or canning and then allowed to stand. Foods that 
are chopped or crushed lose vitamin C rapidly and may contam ap¬ 
preciably less of the vitamin after standing only a few hours. The 
rate of destruction of the vitamin is less, however, at low tempera¬ 
tures in such cases. Expressed juices like orange juice and tomato 
juice may be stored in covered containers at household refrigerator 
temperatures for as long as 24 hours with no detectable change m 
vitamin-C content Rate of destruction after that time depends 
upon whether the oxidases have been previously destroyed by heat¬ 
ing. Canned tomato juice, after the can is opened, shows little 
change in vitamin-C content after several days* storage in a 

refrigerator. . ^ ^ 

Heat markedly accelerates the rate of destruction of vitamin C 
and cooked foods are not dependable sources of this vitamin. Toma¬ 
toes are a notable exception since they are rich sources to begin with 
and due to their high acidity they show loss of the vitamin only 
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after prolonged heating* In foods that contain oxidases destruction 
of vitamin C during cooking is very rapid at first or until the tem¬ 
perature is reached at which the oxidase is destroyed when it pro¬ 
ceeds at a much slower rate- To preserve vitamin-C content during 
cooking, foods should be cooked quickly* They should also be 
served immediately since cooked foods lose vitamin C more rapidly 
when allowed to stand than do raw ones* 

When foods are boiled some of the vitamin C they contain may 
dissolve in the cooking water. This dissolved vitamin may be con¬ 
served, obviously, by using the water. The proportion of vitamin C 
destroyed in foods that are boiled averages 20 to 25 percent while 30 
to 40 percent may be present in the cooking water depending upon 
the amount used. 

Foods that must be cooked at temperatures higher than that of 
boiling water do not retain enough vitamin C to require 
consideration. 

Reduction in vitamin-C content from canning is less than in foods 
cooked by other methods since air is largely excluded during proc¬ 
essing. Decrease in vitamm-C content is greater in foods that are 
preheated in an open kettle before they are put into the can than in 
those canned by the cold pack method. Blanching may cause some 
loss of vitamin C through solution, but this procedure at the same 
tune effects inactivation of any ascorbic acid oxidase present. 

Canned foods may be stored several months without showing 
serious decrease in vitamin-C content, but when deterioration once 
begins it proceeds rapidly. Inactivation of vitamin C in canned 
goods is directly and specifically related to the size of the bead space, 
hence, this should be kept as small as possible. Conditions of stor¬ 
age do not seem to be closely related to rate of loss of vitamin C in 
canned foods. The question as to whether loss is greater in foods 
canned in tin or in glass is still in the controversial stage. 

In considering canned foods as sources of vitamin C, one impor¬ 
tant point must be kept in mind. Such foods have been cooked at a 
fairly high temperature and the cellular structure is largely broken 
down. If they are allowed to stand after removal from the can or 
are heated and then allowed to stand they will not have very 
much vitamin C. Tomatoes are an exception since tliey retain vita¬ 
min C well under most conditions because of their high acidity. 

Drying of foods is very destructive of vitamin C, Some dried 
products—fruits—have been reported as containing small quanti¬ 
ties, and sulfured foods are supposed to contain more than others; 
but the amounts left even in foods that have just been dried are so 
small that it seems safer on the whole to disregard dried foods as 
probable sources of this vitamin. 
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VITAMIH' D 

Pro-pertiea .—At least 10 different substances are known to have 
vitamin-D activity but only two of these are of practical importance. 
They are vitamin Dj or activated ergosterol, known also as calciferol, 
and vitamin D, or activated 7-dehydrocbolesteroL Ergosterol which 
is found only in plant tissue, and 7-dehydrocholesterol, which is asso¬ 
ciated with cholesterol, the sterol in animal fats, are often called pro¬ 
vitamins. Under the influence of ultraviolet light (irradiation) they 
are changed into active forms of vitamin D. The commercial prep¬ 
aration known as Viosterol, is a solution of activated ergosterol in 

The relative activity of these two forms of vitamin D is different 
for different species of animals. A preparation of vitau^ D» or 
calciferol, judged by tests with rats to have the same activity as a 
given preparation of vitamin Dj, will be judged to be considerably 
less potent when examined by tests with chicks. Thus, while, for a 
given effect, chicks may require the same amount of vitamin 
they will require more vitamin D*. 

Vitamin D (Dj and D*) is soluble in fats and is not affected by 

heat or oxidation. 

Food flowrces.—Vitamin D does not occur to any extent, if at all, 
in foods of plant origin, but plants do contain the provitamin, ergos¬ 
terol. Dried plant tissue containing ergosterol acquires properties 
of vitamin D on exposure to ultraviolet light. Yeast contains large 
amounts of ergosterol, and irradiated dried yeast is an important 
source of vitamin D. 

The only significant natural sources of vitamin D are among the 
foods of animal origin. These include milk, eggs, liver, and fish that 
are rich in oil, like salmon and herring. The value of these foods 
as sources of vitamin D may well be questioned, however. The 
quantities of the vitamin that they contain are so small compared 
to the quantities needed by children for protection against rickets as 
to be of little practical value in this respect, and if adults require 
vitamin D it is difficult to believe that the quantity is as small as 
that ordinarily supplied by the use of these foods. This statement 
does not apply to fish-liver oil, which is the richest natural source of 
vitamin D. Since foods of animal origin are the only ones that 
contain vitamin D naturally, and they contain only vitamin D* this 
form of the vitamin is sometimes referred to as natural vitamin D. 

The vitamin-D content of milk and eggs may be increased by 
feeding the animals producing these foods some rich source of the 
vitamin. Cows may be given irradiated yeast. “Metabolized” vita¬ 
min-D milk is produced in this way. The greater proportion of 
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the vitamin D in such milk wiU be vitamin D, with the small quantity 
of natural vitamin D normally present Eggs of high vitamin-D 
activity are obtained by including cod-liver oil in the hen’s feed so 
that eggs generally contain only natural vitamin D. 

Milk may also be enriched in vitamin D by irradiating the cow, 
by irradiating the milk, or by adding concentrates of the vitamin 
directly to the milk. Only the last two methods have been used 
to any extent commercially. 

filBOFLAVIN (VITAMIN Q) 

Properties.—Vurs riboflavin is a yellow crystalline material really 
soluble in water, giving a yellow green-fluorescent solution. Ribo¬ 
flavin is not readily destroyed by heating but is less stable in alkaline 
than in acid solution. 

As it occurs in nature, riboflavin forms part of a protein phos¬ 
phoric acid complex that must be broken down before the pure 
vitamin can be obtained. 

Food sources .—Food sources of riboflavin are less completely 
known than are sources of the other vitamins so far discussed. This 
is due partly to its later discovery but largely to the lack of a 
satisfactory method of measurement. 

Afilk, eggs, and lean meats are the richest sources. The yolk and 
the white of eggs contain it in about the same concentration. As 
riboflavin occurs associated with protein, it is present in milk in the 
skimmed milk and not in the butterfat. 

In plants, riboflavin seems to be concentrated in the green parts. 
Thin green leaves are especially rich sources. Green stems are much 
richer than the flower or the root. Although the vitamin is more 
concentrated in the green parts, the bleached parts of plants are not 
devoid of it, as they are of vitamin A. Most root vegetables and 
tubers contain some riboflavin. In fact, riboflavin is present in 
practically all vegetables of one sort or another. 

Seeds vary considerably in the amounts of riboflavin they con¬ 
tain. Legumes, peas, beans, and especially soybeans are good sources, 
while nuts and cereal grains are not so rich. The germ portion of 
the seed usually contains a high concentration of riboflavin, as it 
does of vitamin B,. 

In general, fruits are low in their content of riboflavin. The ma¬ 
jority can be rated only fair and some fruits such as grapes, lemons, 
oranges, and grapefruit, contain little more than a trace. If there 
is a basis for classifying fruits as to riboflavin content, it is not 
apparent in the few data now available. 

Fats and oils have already been described as not containing the 
water-soluble vitamins B, and C. They are also about the only 
foods that do not contain at least traces of riboflavin. 
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Zm 9«8 of nboilamn,—Th.&te is not a gnsut deni of informatjcia 
available on iosaes of ribeflavin in foodfl. From tlie facl that the 
vitaniin is soluble in water it might be tinticipiited that there would 
be loss during boiling or any proceis wiiere food is kept in contact 
with water for any length of lime. It will be remembered, however, 
that in foods rilwaavin is combined with other substances. The 
difficulty experienced in mmoving the vitamin from foods by those 
who hare nndertaken quantitative estimation by chemical tasts indi¬ 
cates that probably no great amount would bo removed during 
boiling, blanch big, or soaking. 

Kibollavin is descrilied aa heat-stable, which again might lead one 
to think that losses during cooking would be small. Milk wUey, 
baring an ocidity comparable to that of tomato juice, was found to 
lose only 10 percent of its riboflavin vahiu when heated at the btdling 
point of water for 1 hour, nnd 4 hours of heating was required to 
reduce thn original voluo by 30 psrrent. When the mixture was 
made only lightly alkaline, the rate of destruction reached 30 to 40 
percent for 1 hour of heating. Tltis is a clear indication that con¬ 
ditions within the mediiiio influence inactivation of riboflavin os they 
do inactivation of vitamin B,- Under sunilar conditions, in a liquid 
medium the rate of destruction of riboflavin whs found to be slightly 
ItiMf than the rate of destruction of vititmin I3j. This relieves tha 
situation relative to lack of apocific information on loss of riboflavin 
in foods, sinco any measures deaigned to reduce losses of vitamin B, 
during boiling apparently would also oporato to protect against losses 
of riboflavin. 

In contrast to vilauuQ B,, riboflavin b less stable when heated in 
a dry mixture than in one that is watery or even only moist. This 
may afford partial explanation of the fact that the most extensive 
losses noted have been in the baking, roasting, and frying of meata, 
These ranged from 30 to flO percent. 

There is no indicatton t^t storage cauaes loss of riboflavin irre¬ 
spective of whether foode are fresh, canned, or dried. Canning per 
sa does not seem to reduce the rilwflavin content of foods or at least 
not significantly. Information on the effect of drying in not 
available, 

mooTi3nc Acm tvEtjjumA.-nuiviiA'i'.LKa rACiuB> 

Properties . — Nicotinic acid is a while crystalline substance soluble 
in water and fairly raaLstaat to heat. The amide, nicntiniumde, ia 
also effectivo as a pellagra prevantive. Like some of tbo other vita¬ 
mins diecuBsed, nicotinic acid as present in foods is combined with 
other substances and ia not easily removed until tlieaa complex 
compounds are broken up. 
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Food iottroes .—No consistent effort has been made to determine 
the nicotinic acid rontent of foods accurately. Most of the studies 
along this lino have been concemeil with determination of pellagra' 
preventing vaiae directly. Some of these studies have been made 
with dogs as Eub|ecta and some with human beings. It is difficult to 
correlate the two kinds of data. Appraisal of pellagra-preventing 
value of foods on the basis of content of nicotinic acid depends upon 
the quantity of this substance required for the enre and prevention 
of pellagra; and this has not yet been definitely determined, »ithough 
it can be stated approximately. 

Milk, lean meats, eggs, 6sti, liver, and some vegetables have long 
been liiu}vi-u to bo valuable in the cure and prevention of pellagrn, 
Among the vegetable, green leaves are especially effective, and IIm 
legumes (peas and beans) and tomatoes have some value. 

Losset cf nicotinus acid. —^Tho pelIsgra-preventing value of foodK 
is not re<!uced easily. JToods have been heated in an autoclave or 
pressure cooker as long as 6 hours without showing a decrease in 
effectivenefBi. Canned foods seem to b« equally as good os the 
corresponding fresh ones. 

VITAinN K ITin ANtlHaMORROAOIO VITAHD^t 

PToperiiei ,—^Vitamin K is one of the newer vitamins. It is a color¬ 
less OP sligiitly yellowish ctystallliie mibstance soluble in fats but 
not in water. It seems to l»e resistant to heat but is destroyed by 
alkalies and certain substances that bring about oxidation. 

Food aowPce#.—Vitamin K is fairly widely distributed in foods. 
It occurs abundantly in green leaves, alfalfa having been one of the 
chief sources from which concentrates have been prepared. FlowcrSi 
roots, and stems of plants contain less than leavesL The vitamin is 
present in soybean nil and some other vegetable nils and in tomatoeH. 
It is not present in fish-liver oils, but decomposed fish meal has been 
the source of a substance having vitamin K activity, differing alightlj 
from the vitamin K of alfalfa, A number of compounds arc known 
to havo propcrtifia ascribed to vitamin K but how many of these occur 
Q^turiLlI j lA not knoini. 

rrTAMm e 

—Vitamjn-E activity ia by Bpvera! substanc^B* 

The OM of mn?3t importance from the stniidpomt of its [latiiml occur¬ 
rence is alpba-tocopheroL This hns been Heparateil from whent-germ 
oil and cottonseed oil os a light 3"ellow viscoui oiL 

Pimi Vitamin E occurs in many of the Tarioue types of 

foods considered essential in a well-balanced diet and it is not dif- 
liiiult to obtaiu an adequate supply. Foods known to contain vita- 
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min E in abundAnce are milk, mwt, whole seeds, including^ Imth 
cereal ji^ins and legumes, and lettuce. It is also present in many 
vegetable oils including, in addition to the two already mentioned, 
coin oil, rice oil, and Bed Palm oil. 

Lotaea of vitamin -^.—Vitamin E is soluble in fat and occure asso¬ 
ciated with oils. It is stable toward heat but is inactivated when 
oils containing it liecome rancid“presumably because o£ o;(idation. 

vhaseik B 4 OB j'TarnoxtKE 

Propertha .—^Vitamin B, is a white cry stall ins aiibatance and in 
soluble in water. It is stable toward heat even in alkaline solution, 
but is df^royed by long exposure to light 
Food toureca ^—^Vitamin B« is found in seeds; in some vegetable 
fata and oils such as linseed oil, peanut oil, rice oil, soybean oil, 
cottonseed oil, corn oil, and wheat-germ oil; and in butterfat, l^cef 
fat, meats., and fish. Most vegetables and fruits are poor sources. 

THtNOS TO R£M£UB£B 

The array of information relating to the vitamins is extensive and 
complex. Unless one is making almost constant use of it, it is next 
to impossible to keep even tlie essential details in mind, and very few 
people wish to be hampered by tlie need of a pocket handbook in 
order to remember tlieir vitamins. In the selection and preparation 
of foods for a diet adequate in vitamin content a few rules or sum- 
mory statements are usually suiSScient. Those given liclow are sug¬ 
gested as helpful and otheia may be formulated if need requires. 

1. Uuo a variety of all lyiica of fowls stvlng cRpeclal altentlAn tg tbc two 

of milk, e1t^cD lonfy voeelabloa. fmh frntta and vegetables' lean aieota 

mid imd br^AdsL 

2. To arotd !cas of vitamlii tuIub lix 

Cook foo4i4 Da quickly as 

UbC J9siall DutoDDiR of wntpr Dud any that Li left Special 
tkTt not aecfissmij for waterless cookery, 

8tcx£iEiIi]£ Lb an way to caok nmttj Tes^tablaa and iwme other 

fwLff. 

Eta not pMl Tf>;f!:etJiblM or trait# anil cut Oiifiii op and thon let them itaad 
before cooklnif. Cooking them wbulc and with the outer eorerltkg qd helps 
preBervo <rJ[aicLli] con Lent. 

ndd noda tn nagutables during conking, jt acrrca no naefnl pur- 
posft Ktid amkea for doatnictloo of vltamtua, Ccok grccu vegetable# to m 
open kelUa and they will stay grwHu 

Betre food# at mon aa possible oftcr they are cooked. 

Eta not fry fooda If they can be cocked In wme other way, fkylng 
and rooBdrig are y&j destnictlA^ of TltnmiiiB. 
t. Give very careful attEntloii to eourees of rltamltt Bi tn the dfeh It i* 
mora difflotiU to DbLnln nn AdeqtiBte mooiint of this vLtamln thou any of the 
othm It I# pnrtmbly the one In which Amerkun diets am moat deflcknL 
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Take special care to conserve tbe vitamin Bi In focN^g during cooking. Many 
of the foods that contain an abundance of vitamin Bi are cooked before being 
eaten, and next to vitamin C, vitamin Bi la the vitamin most likely to be lost 
when foods are cooked or canned. The precautloos necessary to conserve vita¬ 
min Et will conserve other vitamins as welt 

4. Store foods at low temperatures and in closed containers. 

5. Do not chop or crush fresh fruits and vegetables and allow them to stand. 
They lose vitamin C rapidly. 

6. Frozen foods have practically the same vitamin content as fresh ones. 
Care most be taken to conserve it during preiwiration for serving. Do not 
defrost and then allow to stand. If frozen foods are to be cooked put tliem on 
to cook while they are still frozen and use all of the liquid. 

7. Dried foods are not especially recommended for vitamin value. 

8. Canned foods retain vitamin value well, with the possible exception of 
vitamin O, provided they have not been stored too long. To obtain fuU value, 
use the entire contents of the can. Canned foods are cooked foods and should 
be treated accordingly. 

9. In canning foods observe the same precautions for conserving vitamin 
content ag suggested for cooking. 

VITAMIN VALUES 

As soon as the existence of any one of the vitamins was recognized 
it became a matter of concern to know not only ia what foods it oc¬ 
curred but also in what quantities. The development of methods of 
measurement was, therefore, of considerable importance. Chemical 
identiBcation of the vitamins has usually not been made until some 
time after their discovery and for this reason development of chemi¬ 
cal or physical methods of measurement proceeded uncertainly. 

Many of the studies on the physiological effects of the vitamins 
have been made with laboratoiyr animals. It was natural in some of 
these studies for information to be obtained on the relation between 
the quantity which an animal ate of a food known to contain a par¬ 
ticular vitamin and the response of that animal in terms of growth, 
or cure or prevention of the disease associated with the vitamin. As 
these observations were made, consideration was given to the possi¬ 
bility of using a relationship of this kind as the basis of a quantita¬ 
tive method of measurement for the vitamin concerned. Methods of 
determination in which the reactions of animals are used are called 
biological methods. 

To determine actual vitamin content by a biological method it is 
necessary to carry out a test in comparison with a substance con¬ 
taining a known amount of the vitamin in question. When the bio¬ 
logical methods were first suggested, this condition could not be 
met because the chemically pure vitamins had not yet been prepared 
and natural products vary too much to be used as reference mate¬ 
rials, As a result of this situation it became the custom to express 
content with respect to a particular vitamin in terms of the quantity 
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required to produce a given response in the animal used and under 
the conditions specified for the test. Such a quantity was known as 
a ‘Sinit.’' Several of these biological units have been defined and 
used but the best known are probably the Sherman units for vita¬ 
mins A, Bi, and C, and vitamin G or (riboflavin)- 

As interest in the importance of the vitamins increased, attempts 
were made to devise more satisfactory methods of evaluating them- 
A committee appointed by the Health Organkation of the League 
of Nations has established standards of reference called Interna¬ 
tional Standards of Eeference for vitamins A, Bi, C, D, and E to be 
used in determining the content of these vitamins in foods and other 
materials. A definite quantity of each standard was specified as the 
International unit in terms of which the content of the respective 
vitamin was to be expressed. 

DetlniUon^ of the International Vniti for Vitamins Bu C, and D 

Vitamin A.—The International unit of vltamia A Is the vitamln-A activity 
of 0.6 mlcrogram (0.0006 milligram) of the Interoational Standard beta-carotene. 
One U. S. P. (United States Pharmacopoeia) unit of vitamin A presumably 
has the same value as 1 International unit (L U.) of vitamin A. 

Vitamin Bi, —The Intemattonal unit of vitamin Bi is the vitamin*Bj activity 
of 3.0 micrograms (0.003 milligram) of the International Standard crystalline 
thiamin chloride (vitamin BJ. One U. S, P. (United States Pharmacopoeia) 
unit of vitamin Bi has the same value as 1 International unit (I. U.) of 
vitamin Bi. 

Vitamin U—The International unit of vitamin C is the vitamin^ activity of 
0.05 milligram of the International Standard crystalline aaeorhic acid (vitamin 
C). One U. S. P. (United States Pharmacopoeia) unit of vitamin C has the 
same value at 1 International unit (L U.) of vltamiu C. 

Vitamin The Intemattonal unit of vitamin D is the vitamln-D activity of 
1 milligram of the International Standard solution of Irradiated ergosterol in oil. 
One U. S. P, (United States Pharmacopoeia) unit of vitamin D presumably has 
the same value as 1 International unit (I. U,) of vitamin D. 

Enmneration of vitamm potency in terms of International units 
is now the accepted mode of expression. As more satisfactory chemi¬ 
cal and physical methods of measuring vitamin content are developed, 
this somewhat cumbersome device will doubtless be abandoned for 
the more usual procedure of giving competition on the basis of 
weight of chemical substance. This is already the case with vitamm 
C where values are given more often in terms of milligrams of as¬ 
corbic acid per gram or per 100 grams of material than in terms of 
International units. 

No International Standard for riboflavin has been established. 
The Sherman or Sherman-Bourquin unit is frequently used for de¬ 
noting vitamin-G potency, otherwise riboflavin is given directly as 
milligrams or micrograms of riboflavin. 
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Values for vitamin-A, vitamin-Ei, and vitamin-C content of foods 
and other materials determined prior to the adoption of the Inter¬ 
national Standards of Reference are for the most part expressed in 
terms of the Sherman units. For some foods the only values avail¬ 
able are expressed in these units and for this reason attempts have 
been made to derive factors showing the relation between the Sher¬ 
man and the International units. Since there has been some divided 
opinion as to what these should be, it seems well to reemphasize the 
fact that a biological unit does not have an exact value. These 
units are defined in terms of animal behavior which, however well 
controlled, is certain to vary. This simply means that the ratio be¬ 
tween an International unit and the corresponding biological unit 
varies according to conditions, and a fixed figure cannot be estab¬ 
lished for it. Values expressed in International units which have 
been derived from Sherman unit values by use of conversion factors 
cannot be considered more than rough approximations. International 
unit values so obtained should be clearly designated if pre¬ 
sented with other material. The ratios given below for these two 
units represent general experience with comparative values. 

Buggeited Interrelation of Sherman Units for Vitamins A, B, C, and Q and the 
Corresponding International 

Vitamin A,—Shennan units of Tltamlu A corresponding to 1 International unit 
of vitamin A have been found to vary from 0.8 to 2,5. The ratio of 1.5 la 
suggested as most representative, that 1% 1 Sherman unit of vitamin A—0.7 
International unit 

Vitamin Bi.—Sherman unit values of vitamin Bi corresponding to 1 Inter¬ 
national unit of vitamin Bi have been found to vary from 0.7 to 4 or 6 Shennan 
units. The most general relation for the majority of values obtained by the 
Sherman technique la suggested as 1 Sherman unit equivalent to 1 International 
unit 

Vitamin C.—One Sherman unit of vitamin C is generally considered equivalent 
to 10 iDtematlonal units. 

Riboflavin .—One Sherman-Bourquln unit of vitamin G Is equivalent to 3.0 
to 3.5 micrograms of riboflavin. 

VALUES FOR THE VITAIHIN CONTENT OP FOODS 

For some purposes, and especially for dietary calculations, it is 
desirable to have a set of values showing the quantities of the vari¬ 
ous vitamins in different foods. In the general discussion of food 
sources of the vitamins it was made clear that no food has a fixed 
and invariable content of any vitamin. Values for different samples 
of any food may vary over wide ranges depending upon the factors 
that influence the content of the vitamins it contains. The deriva¬ 
tion of average values, in the strict sense of this term, is not possible 
without using an unreasonable amount of descriptive material con- 
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ceming each individual food item. In lieu of this it might seem 
advisable to indicate a range in place of a single value. The diffi¬ 
culty in that case is that anyone requiring a single value will use 
the median of the range which may not be in any sense the best 
value to use. This reduces the problem to one of arbitrarily select¬ 
ing what are considered the most representative values. 

The values in the table presented here^ which is offered as an 
aid to those who must use single values expressive of vitamin con- 
tentj were selected on this basis. The selections were made from a 
summary of all of the data that could be obtained in the literature 
or elsewhere up to July 1^ 1940. Careful consideration was given to 
the methods of analysis used and the nature of the food material 
studied. The values given should be taken as applying to foods that 
are reasonably fresh and of good quality. This is especially im¬ 
portant to keep in mind relative to vitamin-C values, “Market fresh^ 
vegetables are often far from “fresh’’ as far as vitamin-C content is 
concerned. Adjustments should be made in the vitamin-C values 
for fruits and vegetables, especially leafy vegetables, when the 
products to which they are being applied are not strictly fresh. 

Some values in the table may differ materially from correspond¬ 
ing ones in other summaries. Too much concern should not be felt 
over such discrepancies, perhaps, since all values of this kind are, 
as explained, arbitrarily selected and their approximation to actual 
fact is problematical in any case. If specific information about a 
food is available, other values might be selected as more suitable. 

Table 1 . —ValueM sdeded as representative of ike miamin^At mtamiji^Bu intamin^Cf 
vitamiTtnOt and riboflavin content of common foods 


[CJoless otherwise stated, the valces gtren aw for the edible portion of the freah food] f 


Food material 

Vitamin A 

Vitamin 

: Vitamin 0 

vitamin 

D 

RiboflaTin 
vitamin O 

Units per 100 gr&ms i 


Int. 




Sltermani * 

Alfalfa leaf mealj dried_ 

8, 000 




500 

Almonds___ 

75 

75 



200 

Apple- -______ 

75 

IS 

r (30-400) 


10 




\ av- 100 

J--—- 

Apricot, fresh_ _ _ _ 

4, OOO 

10 

100 


17 

Apricot, dried_____ 

5 , 000 

30 

60 


35 

Artichoke, Globe._ ___ 

200 

60 

175 


Fair 

Artichoke, Jerusalem--_ 


50 

115 


Asparagus, green-**__ 

700 

70 

700 


40 

Asparagus, bleached__ 

0-50 

50 

650 


Fair 

Avocado____ 

100 

30 

400 


30 

Banana_ 

300 

15 

200 


30 

Barley__ 

0 

120 

0 


3 

Beans, snap: 






Green___ 

1,000 

25 

300 


40 

Wax_ 

0 

25 

300 


40 


See feotnotes at end of table. 
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Table L — Vaiuej selected as representative of the vitamin^ rnfamn-C, 
mtamin^Dt and rihofiavin conterd of common /oodt—'Continued 


Cow- 


BeanSp shelled: 

Lima- - 

Runner--- 

Soybean_—- 

Beans, shelled, dried: 

Lima_ 

Navy__* —- 

Red kidney. . 

Soybean—^,- 

Beef, lean-- 

Beet--- 

Beet tops,- 

Blackberry- 

Black-eyed peas (see 
peas}* 

Blueberry,—- 

High bush- 

Low bush-^—- 

Brazil nut-- 

Bread: 

White---- 

Whole wheat-,_ 

B.ye_^.. . 

Broccoli, entire plant- 

Flower--- 

Leaf,--- 

Stern.,^-- 

Brussels sprouts- 

Buckwheat--,,,- 

Butter, average- 

From cows on dry feed—, 
From cows on green feed— 
Cabbage, head: 

Young, partly green- 

Mature, bleached,,,,- 

Bed-^_—-- 

Chinese--—- 

Cantaloupe,- 

Carrot- _ __ 

Cauliflower—---- 

Celery stalks: 

Green___ 

Bleached.--- 

Chard----- 

Cheese: 

Cheddar__—- 

Cottage___ 

Cream-- 


Food mstedal 

ViUmkiA 

Vitamin 

Bi 

Vitamin 0 

Vitamin 

RiboflaTln 
vtmmln O 


Units per IOC grams * 



fne. 


Ini* 

7itf, 

£Aer7ium * 


500 
1, 000 
200 

100 

0 


100 

50 

0 

Eiccellent 

150 


100 


10 

Trace 
Trace 
Trace 
0,000 
5, 000 
16. 000 
1 , ooo 
200 


Cherry.,,- 

Chicken, muscle: 

Dark-- 

Light_ 

Clam-______ 

Codfish__ 

Cod-liver oil,,,^* 
CoUards,. 


2,400 
1, 200 
4, 000 

100 

0 

“ 2 ,* 566 ' 

300 
2 , 100 
30 

1 , 00 0 
10 
9,000 

2,000 
500 
2 , 100 
15-550 
av, 200 


115 

100 

175 

175 

170 

150 

400 

40 

15 


15 


15 


350 

20 

100 

70 

37 

45 

45 

25 

60 

150 


14 

5 

-{♦) 

7,000 


25 

25 

** 25 ' 

20 

20 

50 

10 

10 

Fair 

15 


15 

50 

30 

7 

30 

0 

50 


600 

500 

800 

0 

0 

0 


0 

100 
1, 000 
140 


120 

90 


0 

0 

0 

1, 400 

2, 000 

2, 500 


1, 500 
0 
0 
0 
0 

1, 200 
1, 200 
1, 200 
800 
600 
100 
1, 500 

100 

100 

750 

0 

0 

0 

200 


SO 

40 

150 


0 

0 

800 


100 


100 

300 


aoo 

75 

10 

150 


0 

30 


75 

80 

150 


30 

15 

l5 

20 

20 

35 

10 


30 

250 

Good 

60 


Excellent 
..._Excellent 


(♦) 


Good 

0 

100 


See footnotes at end of table* 




















































































































vrrAMTNs— mttns:ele. 


26 t 


Tmmim 1, — Ta|ii«i ^ of ih£ sHamin-A^ pi^opiiiti-Bi, n^QiniFt^Cf, 

n^nain^Of Hlu^^avin ccntm^ of common foodf —CootLaUed 


uutcf 1 a1 

VHoiqId a 

VltsSllB 

Bi 

viiuimna 

VIUJaaM 

D 

Ef^Oiria 
Tlluola Cl 


Uixltjip#r mo ittlai t 

Conip swwtl 

/AT. 

o-eo 

50D 

Ml.* 

45 

Unj 

200 

Ml. 


YftitfjW 

43 

200 


20 

Com drf^: 

0 

im 

0 


Fair 

ifcHyw _ _ 


100 

0 


Ffldf 

Com ollp 

€ 

0 

0 


0 

C'OttoDSCt'd^ <>Uj rofiood-. — - - - - 


0 

0 

0 

0 

Cowpoa; 

FfUrfth 


130 




50 

^0 


100 

Crftulv^nrTf *__ __ _ 

20 

225 

d 

0 

CTV&m liO pcrcc-pt 

«oo 

io 

Tnees 


Cu^y jdIwt __ ---• 

20 

15 

2^ 


s 

Curnint; 

Rlact _ 

400 

10 

3,000 

000 



Rtd -___ 

}6 




ISO 

2pD00 

0 


Good 

rtkiml ._ ___ 



15 

Iftfltvoft ___ 

14.000 



Oood 

Pin arhi^li'i 

1» 000 

50 

D 


110 

^ ^ Hi^ 1^ H ^ 

__ 

0 

0 

0 ' 


100 

Volk 

a, 800 

33 

140 

0 


115 

Eg^rpie^ai -- 

Enflivo (fflCAJvlo)-.------..- 

15 

200 


10 

15.000 

as 

400 


40 

Fnincli ^ 

G&M 

25 


20 

Fiai 

Ii’pftfth __ 

80 

25 

30 


15 

Drieil— 

60 

22 

D 


25 

Floiir: 

Wfeltfl:^ patent __ 

0 

30 

0 



Wbula _ 


160 



Fsiir 

r«H.ivlikti rfWH. __ 

Eicelknt 

30 



CfifiHFtierry 

300 



OrAp^ ___ 

Trace 

is 

OO 


s 

Juica __ 

30 


GiUpEfruIt-.- 

0 

23 

m} 


Trace 

JiuiC4 -r — 

0 

26 

m 


Tmce 

Canned _- _ *4** - -..-.4* ^ 

0 

25 

£00 


Trace 

Ou^vd ___ 

200 

14 

1, 600 


S 

Haddock 

& 

5 

0 


Good 

Kniihut _ 


30 





ioo 

220 




Ut^nn: 

^^4af . . _ ^_i.^^4i. 

Trace 

200 



300 


Trooo 

200 



.. j. ..._ _ 

Pmk... ___ _ 

180 




Honey _____ 

Hor^ruflAh 

d 

0 

.. o' 

2,000 

"“6‘ 

'6 

H ^^rklpijgrry_ i j - m - 



SCO 



Xale .... - 

"'"£o*66o" 

1,0M 
1, coo 


2.600 


*"""200 

Hirlnn^ IvMf nr vflftl 

00 


700 

TaijJj 

T5 



Pork. .. 

150 




FTobliBbl _ _ _ _ _ 


20 

i,2dd 



LAiub, mujicle^ Icon__ 


SO 

__1- - T t 



Sot re«lnatA» «t eml of ub£&. 
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Table 1. — Valuer aeZeded as represeniaiive of the vilamin^At miamti^Bu vitamin^C, 
tntamin^D, and riboflavin content of common foodo —Continued 


Food mBterW 

vtt^ln A 

VEtamiQ 

Bi 

Vitamin 0 

Vitamin 

D 

Rtboflavln 
vtcamln G 


Units per lOQ grams i 


IjU. 

Jni.* 


Jjif. 

Shermsn * 

IjATtI - 

4 

0 


0 

0 

I^eek *--- 

Fair 

50 

400 


Fair 

l>enion juice ____ 

0 

10 

900 


Trace 

Tjentila, dried- -_ 

Trace 

170 

0 


105 

liettuce* green , _ 

4,000 

25 

250 


75 

Bleached__ 

100 

25 

250 

_ _ _ * 

15 

Romaine or cos - ___ 

800 




30 

T.iTTifl jiiic^ 



750 



Liver, beef--^-- 

9, 000 

""■ 75 ' 

Fresh 750 

**“4r 

600 

Calf,... 

7,000 

70 

Fresh 650 

15 

550 

Chicken___ 

Excellent 

75 

Fresh 450 

50 

Excellent 

Lamb---- 

Excellent 

75 

Fresh 750 

20 

550 

Pig—.-. ----- 

Excellent 

100 

Fresh 525 

45 

600 

Mango_---- 

1, 500 

30 

600 ; 


20 

Milk .. 



Raw 40 



Whole fresh, avemge mar- 

110 

20 

Fast* 25 

2 

75 

ket. 






From cows on dry feed__ 

55 

20 

Raw 30 

1 

60 

From cows on pasture.- 

175 

20 

Raw 50 

3 

SO 

Whole dried: 






Average-___— 

S75 

120 

0 

16 

500 

From cows on dry feed. _ 

450 


0 

8 


From cows on pasture.- 

1, 400 


0 

24 


Skim- ...___ 

2 

15 

0 


Excellent 

Skim, dried__ 

20 

120 

0 


600 

Molasses___-_ 

0 

0 

0 



Mushrooms--. . _ _ _ _ _ 

0 

30 

Trace 



Mustard greens,_ 

Excellent 

45 

2, 500 


Excellent 

Oats (rolled or oatmeal)_ - 

Trace 

180 

0 

0 

35 

Okra-^_ 

400 

40 

400 

■ ____ 

Fair 

Olive, canned: 






Green _ ___ 

190 


0 



Ripe.—---- 

125 

2 

0 

6 

0 

Olive oil, refined.__ 

0 



0 


Onion: 






Green __ 

Fair 


275 



Mature. . _ ____ 

0 

10 

160 


30 

Orange juice-.-..........-- 

45-350 

30 

r450^1, 200 

} . 

5 




\ av, 900 

/ — 


Oyster______ 

140 


5 



Papaya____ 

2,500 

25 

900 


60 

Parsley_............_ 

30, 000 


2,000 



Parsnip - - .......___ 

Trace 

40 

450 



Pea: 






Green, fresh__ 

1, 000 

140 

500 


65 

Green, dried_ _ __ 

1, 200 

175 



100 

Peach: 






White____ 

5 

10 

200 



YeUow___ 

1,000 

10 

200 


20 

Yellow, dried___ 

3,000 


0 



Peanut: 





Jumbo--^____ 

0 

320 



Good 

Roasted___ 


90 




Spanish___ 


300 



250 

Spanish, roasted___ 


60 




See foetiiotee at e^d of table. 
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Tabmi 1 .—Yalues selected as representative of the oitamifi-A, oitamif^Bif vUamin^Ct 
tniamirt^Df and riboflavin content of common foods —Continued 


Food material 

Vitamin A | 

Vitamin 
Bi ' 

VliaminO 

VltamlJ! 

D 

Rlboltavln 
Titamln O 


Units per lOO firama» 


P^ar _ _ _ 

Tfit, 

10 

Ini.* 

15 

Jnf.> 

50 

Jnl, 

^enaim * 

20 

P«yin ___ 

400 : 

350 



100 

Pepper: 

tifpen ____ 

5,000 
5,000 
90 ' 

10 

2, 500 


40 

Red 

10 

3,000 

500 



Pineflpple 

25 


12 

frefill 

30 

600 



Juice cfluned 


25 

300 



Plum 


35 

100 


15 

Pork, mu^^^lp, 

Trace 

400 



75 

Potato, average__ 

New 

30 

40 

250 


15 

350 


Stored, old 



100 



Prune: 

1, 600 

20 




Dried * * ^ _ 

2,500 

50 

50 


"Good 

Pumpkin. _ ____ 

2,500 

15 

60 


15 

Onftiee 


250 



!^di8h _ 

RftiaiTi 

Trace 

60 

20 

30 

400 

0 


10 

R AfinhiArrv 

10 

600 



Rhubarb 

Trace 

400 



Rice: 

Rrown 

Trace 

75 

0 


50 

Polished^.-_ _ _ 

0 

10 

0 


Trace 

Roe ^ ___ 

2,000 

Q 

30 

100 ! 


Fair 

Rutabaga: 

Will te 

15 

400 



Y ello w 

25 

15 

400 



Rye 

0 

140 

0 


Fair 

Salmon, canned: 

Chum ^ 

30 


225 


Chinook -_ 

760 



275 


Pmk ___ 

100 



625 


Red___- 

SATflirie 

325 

l^ace 

10 

0 

800 

Good 

75 

Good 

Soybean (see under Beau), 
Spinach__ 

25, 000 

1, 000 

40 

1,500 


125 

Squash: 

SiiTnmPi* 

15 


15 

^Vinter , _ 

4,000 

Trace 

15 

100 


25 

StrawbeiTy __ 

Trace 

1,000 


Trace 

Sweet potato-- 

Tangpiine - _ _ _ 

3,500 

30 

400 


30 

30 

700 


10 

Tomato, mature: 

Creen --- 

700 

23 

260-600 
av, 450 
26(^600 
av* 450 
av. 450 

L.... 

15 

Ripe ___— -- 

Jiiine frAftli 

1,000 
1, 000 

25 

25 

I 

1 --- 

20 

Juice, canned commercial- _ 

r 150-575 

1 av. 375 





I - 


Turnip: 

White __ 

Yellow , 

0 

20 

12 

12 

600 

600 


12 

12 

Turnip greens __ 

10,000 

40 

3, 000 


120 


See footnoted at end Of 
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Table 1,^ — FaIim telec/aJ m rtprcMfn^im o/ tht mlamin^At nicmin-Bif fi£ai7ttn-C, 
ffl£dnatn-Up and riib^j^oiKn canUnt ly —CoDtlnucd 


Food EbBteflAl 

^ituBJa A 

Vlucola 

Bt 

VtUimiD C 

V'kLunCi 

1 U 

RLbaaiTlD 
vlUmld n 

UnEU ptc IQO tn£a£ ■ 

W^oInutB^ 

Blac:k__ 

130 

IDO 

COOO 

Tmfi* 

Tiaca 

tmj 

110 1 
IBO , 
40 
20 
IBO 


lat. 

AfrnwA ^ 

Enalisb____ 




Watfir^imRA__ 

Wbtan&daa_____ 

_ ___ 

1 , ™ 
IGO 

0 

0 

10 


3 W|i«n tbam m U tiIiua, iIaIa tii4 nvi^naM? Ibr nailtUlf IMi trusu it a^ipj axlmA t*Ly 

9irir 

■ IfilEftthllntfittl iinhtiprBltanalE I Urt Inlizrommi aribbunJia. 

*[n^ni4;h>ABl uiil t|gtT^l4l»ICiC b¥ ll.[U fli^ftiKmEnmuf^rueinl^IrHrM. 

^ CUcaJasJOM toJd* in UlIA tAhl^ Ihm irfallnn ^pf I Bbfrpian null Mulnlut [n 1.0 mliSWMtti 
mllUffruDil al zJ boJlAirlin vh nwd . Bhcnaan. OQju mulUpJM i ttva ffilvdnmnij nr rLtdOATln. 

For TltAjmLii* A ^-nit P gn Talon flwsn Ofl t^t ncigiALdar. 

r Thr au tlfiir piE3K3il iH fcUowlnt n riy db^J or Eabb-1 : A gf ICKV Tht Ihv TiUraln.A con Cfat of »4(ftn 

rti™ * ’^*“**^ Lhtf Tlbiinln'C evDlaciUf diM prUMJ lOJtOid <4 U. ud anitu OCTI 

kV mU rlDOUTia HintaDt orjiiEnboi and rouEnd PKAUllL 

SELHCTING foods to ME:ET TITAiiTN BEQUIBSMENTS 

In planning or BfE^essing diets for adequacy m Titnmin contmt, it 
hi obviously necessary to have ipfiirmation as to the quantities of 
each of tha vitamitis needed in the daily diet. Suggested valutts for 
viLattiins Aj Bi, C| D, and riboflavin are summarize^l in table 3/ 

At the present tiioe coneiderabie interest is being shown in aluili^ 
to iletermine the requirement of the various viLamiriB known to he 
essential in the diet of man^ The main, problem has been tha 
development of methods giving results that could be in(jirprated in 
relation to nutritional well-being. The first knowledge of the 
requir^mient of any vitamin came ae a result of determining the 
quantity required to ciiro or prevent Uia disease associated with that 
vitamin. Such quantities have UfuaUy been referred lo as minimum 
protectiVO quantities. It soon became apparent that the quantity 
nesded for normal nutrition wois considerably in excess of the mini* 
mum proteetiva quantity. As information and experienca accumu- 
luted the aim has been to obtain values of vitamin requirements that 
apply more nearly to nomiiLl nu frit inn. 


* SeA lip} tl^A TAias df aerdnuDFadcd Dietary Allovrasi^ pre^rft4 hr tbe CdDUnitrw da 
Toae i.!l4 NitloniEl RswMirL'h t'fuqg^^n, MiL|r IVil, aTLllahlA Nuultf&a 

jPlTlAldti, SccorltT Aaencri W&itiidftdii. 1). C, 
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TaBLIG Jtu^g^iiid ox ^pmiiff of fAr daily rcguirmfvii fot A, 

3if Ur A ribojlovin^ 


VICAAHA 

Fot Ui« klLdt UDdtf ftTinfBO^DdtUDIkt 

Darfeif ipmi' 
jRimrf U][l 1mA- 

(■ikHi 

Tat iTV^Dt c^tldnn 

Uhi. ftdAlAHiSiaLB 

Ab^bli 
fid III 103 um 


OpUmnia 

B| OElIqoilllt:? . 

0 < 4 tEaafbl« 

D„. 

zworu_ _ 

am LO. fii 
e.t 33 if. 

» m 7 ^ Ri. 
orwia^ 
J.U. 

THal bninn] _ 

i m 
LU* 

BWUtiDl.U. 

vt □ H Id U 

MEaWmr.flr 
m u i;xo 
LU. 

Aooa u Jwo 
[- 0 . 

BWIOSOOLU. 
« IJO ta IJl 

. . 

fimnlUnuiiil- 
lOFAbu# f^r 
4 Vcfjit* udlilL 
Twin! Ihml Jbf 

idult 

anLU.iiiiiiftfl' 
icpl M ftilpClLlJiai 

sijDDa ta iiMdQ 

C^Dildmiblir Pinni En 
profwibqa to thftr 
wtlthi ibkfi iidiilti 
Onijr iLL^nUy im. eiifcB- 
IIhI Ibr 

; 10 ^ 14 WO IV. fomst- 
•d U idtHaiTl fc? 
n^atirfetlODi ifiLDil 

rJcVHJ 9 ; i U 

tot aptlmuiD 

Af leuL 400 BbEtmUI- 
Pwmiiai 

(T lift,talD 

o;. 

Api 7 iVll'm 4 ttlT ^ Bhffnuii^&auTiiilii, malti 
At 1 taUUpiiJiiA 


■ rrt VlOOllr BU'btlltlfd. McmHil. CiU'l Pkimiiic Um dar'i diet Ibr vttuDlD uHil^ni. JoElfil- 
Amer. Dlaiallir Ajmh^ tCiI. g. - 030 , Odbbtf lDa$. 


In Rurrimi^rlziiig (latii on vitanun requiromentSf it seems deairabk 
to giTO th-e quantitifis detennined as mini mum mu well as those oon- 
Kidered adequate. In Bome instances data have been obtained indi¬ 
cating that nutritional well-bein^ is enhanced by a diet supplying 
quantities of a vitamin in excess of that considered adequate Such 
quantities have be«n designated as oplimtinu 
Studies to determine the requirement of tie various vitamins af^- 
still in the preUminary stage* It is problemadcal whether tie 
requirement of any vitamin can ever be expressed with precision. 
Many factors operate to influence the quantity of each tliat is needed. 
Data alrea<{y at Imrid indicate that the requirements may vary from 
individual to individual according to sex, si^e, and activity, and 
vary in the same individual from day to day depending upon the 
physiological condition, activity, or environment 
The material oflered in table 2 should be used with certain con¬ 
siderations in mind. With the exception of vitamin D the values 
for the requirement of each of the vitamins represent quantities 
that may be supplied readily by the use of natural looda. These 
quantities indicate the daily requirement of the normal mdividual 
with no allowance made for variation in tlie vitamin value in dif¬ 
ferent foods or lasses that may occur from cooking or other processes 
to which the food may be subjected. 

There is no evidence of barm from the ingestion of vitamins as 
they occur in foods in quantities cjoneiderably in excess of those given 
mm recpiirements, Xn planning diets the aim should bo to provide 
fooda that will supply at least as much and preferably more than the 
adequate allowance of each vitamin and severnJ times tJiia allowaiice 
in cases whare tliara h indication of a greater need. 
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SaEXCE ANT> HUAI AX PROSPECTS^ 


By Eoffr BudCwxLDn 
Stoi^for^ Vniv«fitity 


On fftcin^j the duty qf prepiring the quetoTnary presidential addreaa 
fur this year, I gare some thought to the question of what contribution 
I could best make. Having been for many years a field geoUigiat and 
at fiinea even an expJorer, I might iLave gathered up the results of 
many local studies and generalized them. Being engaged more re¬ 
cently in studying desert physiography and the Pkistoceno history 
of the western States^ I might have chosen one of those subjects—and 
indeed they are well worth conridering. 

However, in such a fateful year as 1940| it seemed to me that tho 
occasion called for a subject of greater importance and one that has a 
more direct relation to the welfare of tliis nation; and so I decided to 
ask your attention this evening to a subject thiit Iifih Umg been one 
of my chief concerns*—namely, education in science and its relation 
to the future welfare of huuianity* 

It geems to me that a teacher of geology^ or indeed of any other 
science, should devote himself not only to giving his students informa¬ 
tion, and explaining processes and theories—however importa^nt those 
educational duties may bo—but especially to training young people 
in the scientific way of thinking and helping them to aaioire the 
scientific spirit. To my mind, that h his most important function. 

Since geology is considered a science—^albeii not one of the so-called 
exact sciences—and since we caU ourselves scientists, it may be well 
to ask at this point, what, essentially, k acience? In gencuTil terms 
the dictionaries say tliat it is knowledge established, organi^d, and 
systematic. To me, however, tliia concept is not adequate. In the 
words of the great French mathematician, Poincart: eollection 

qf facts is no more a science than a heap of stonea la a huuse.^ yerified 
knowledge is one element, organization and elostification are neceseary 
and so is the testing of hypoth^es, but T cannot regard any of these 

^Addriit aa rctbrl}?^ iFrwlCcist of ^asairlcm, iit Ihft 

ilibital BicfitlQE th& 1a AtuUan 1.^ 1P40. EierrloM bf p4^ 

bUitlOD frfliEi iltf BoUetUl tti Tht aoclctr of AmtfLei, «-L Bfl, Mar, 1, IMl, 
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as th^ core of science. To nift tlie basic thing about science is an attitude 
or habit of mind^ a way of thmkine wliieh is cbaracLeristie of those 
enlitlftd to be called ^ientista. if that is so, most subjects of liuinan 
concern may be dealt vrith in a scientific way. The essential basic 
condition is freedom from bias and prejudice. Tlio major objective of 
the scientist is truth, no matter bow unpleasant it m^y lie or bow 
much discomfiture it may caim among tho«c who hold cberished 
beliefs which bappeiij nevertheless, to be errors. Dr* Crai>aey once 
remarked that: ‘Truth is a brand new idrtue.” And it may be addecl 
tliat as such it is nut yet aa widely sought and valued as it ghnuld bo. 
It has been well said that ^tlia purpose of sciFnce is understanding.” 
This is only a motlam version of the well-known admonition of King 
Solomon to “get understanding.” 

The ecientifie metliud is relatively new. As recently as four cen¬ 
turies ago it was a rarity evan among tho most learnt^d thinkers oi 
the time. Today it m used only incidenf ally by most of the people 
111 even the most civilized couiiLriea. It is hardly an exaggeration 
to say that the majority of educated persons—even tht^ with college 
degrees—do not really understand iL Often it is confused with in¬ 
vention or the mere cataloging and classifying of knowledge. Some 
years ago, in a nation-wide poll which was taken for the pnrfioi^ of 
finding out who was popularly considered to be the greatest scientist 
in the United States^ the choice fell upon Edison, the inventor. But 
invent ionsj however useful and ingenioiifl, are only tho outgrowtb^^ 
the byproducts, of science. Although invention was originally a 
matter of mere cuL-and-try experiment it now makes more and more 
use of science, until much of it ie now highly scientific in the true 
Even so, the one should not be confusisd with the other. 
Science is not invention. The purposes of scientists and mventOTS 
are fundamentally different, even when they use similar n^etlimlj^L, 

Aa for the n^ajority of mankind, in the lesseevcloped countries, 
tlieir lives hove scarcely been touched by eclence except in the form 
of aome of its tangible products such as machines, the radio, or by 
the services of the sanitarian; and their underfunding of science is 
harElly greater tlian was that of their anL^^tore a thousand yearA ago. 

Even among the most cultured of civilized people some misundcr^ 
stand science so completely that they think they disapprove of it and 
con eider it dangerouE* Not i nf requentl j do we hca r the ills of the world 
today blamed upon tlie advances of science, by which la evidently 
meant inventions such 05 dynamite, poison gas, or the airplane. Some 
writers have even called for a morEturlum on s^inJililic research, 
lest the dimgere they oecribe to science overwhelm our civilizatioiL 
But we do not abolish automobilea just becauan criminals use them 
in bank robberies and child snnlchixLg. On the contrary, it would 
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Bfiem better to estend the ecietitillc method to these fields of study 
which are not yet making the required progress. One might pars* 
phrujis a famous remnrk about democracy by saying: “The b^st Kure 
for the evils of ncience is more science”—at least better and more 
widespread science. 

The geiiiiine scientist searches oat the facts he requires, testing and 
evaluating them ns he g<a:s. He must try to discriminate the true 
from the false, and tho trivial from the signiGcant. His disciplined 
imagination, always at wort even during the fact*gRtheriiig process, 
suggests explanations for the things observed—usuaDy for the de¬ 
tails mill later, as tlie picture takes shape, for phenomena of wider 
scope. All these ideas must be impjirLially tested before they can be 
either accepted or rejected, just as an engineer determities by calcu¬ 
lation the strength of the atclies in a projected bridge, and for a 
similar reason. How high shall wo appraise the value of the for¬ 
tunate speculator who happens without much evidence to hit upon 
the right explanation far ahead of othens, aa compared with the 
patient hivBsLlgntor who carries a firm structure of fact and oon- 
trollod theory with him all the wayT Tlie former has uses, but it 
is chiefly to the latter that steady scientific progress is due. Loose 
speculation is an ingrained habit of iiumanity, but the oaroful scien¬ 
tist realizes that many problems are now insoluble because the nec¬ 
essary data are not yet obtainable. He will, therefore, restrain hi$ 
fancy, devoting his efforts to objectives that are within his reach, 
content to leave to his better-infonned mccessors those other ques* 
tions which are not yet ripe for consideraiion. 

Tlie critical testing of ideos is a habit difficult for the average hu¬ 
man being to iidupt, An original Idea is a brain ciiild and tends 
to be jealously cherished os such. To expose it to the cold light of 
reason takes a sort of Spar Ian courage that is too often undevel¬ 
oped and yet U one of the essential attributes of anyone who aspires 
to be called a real scientist. To be merely logical with facts selected 
for a pur|Jose is much easier than to divest oneself of bias. Stead¬ 
fast courage and a renunciation of false pride are required in the 
search for opposing rather than supporting evidence. 

The unrealized assumptions hidden in his theory are the sunken 
rocks nil which the ship of many a hopeful scientist is W'reciked. Our 
literature chords examples without number, especially in the earlier 
times. Geologists will find a good illustratton even in the writings of 
that thnughtful old Scot who ia regarded as the founder of their 
science—ilamea Hutton, Writing about the gTanlto boulders from 
Mont Blanc that are sprinkled over the slopes of the Jura Moun¬ 
tains near Geneva, be concluded that the Rhone Hiver must have 
excavated its valley after tliey were deposited. The erroneous o-q- 
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sumption, hidden in his mind and unrecognized, was that only 
streams could have moved the boulders, and he knew that streams 
cannot flow uphill. He overlooked the glaciers, although it is 
evident that he already knew something of their power and habits. 
Perhaps he assumed that those he saw around Mont Blanc had never 
been much larger than they were in his day. 

Failing to understand what the real scientist must be and what 
the essentials of science are, part of the public today is led to accept 
as science various elaborations of intuition, speculation, and fancy, 
such as were much more widely current a few centuries ago. To the 
practitioners of this pseudo science, David Starr Jordan (1924), in 
a humorous paper, once gave the name “Sciosophists.” The term, he 
explained in mock seriousness, comes from two Greek words, akioa 
meaning shadow, and aophoa meaning wisdom, or in short the 
shadow of wisdom.” Sciosophists, he said, are happily free from 
the ordinary limitations of science for they are not hindered by the 
need of evidence. To them one idea is as good as another, and so 
why go through the laborious process of examining facts, searching 
out all the evidence, and testing each explanation before accepting 
it? A glittering and imposing structure can be built up with ease 
by a sciosophist out of many such unverified suppositions; but, of 
course, Jordan scarcely needed to say that it is as vulnerable to 
critical analysis as a child’s tower of blocks is to a touch of the hand. 
It is regrettable, but in a free country perhaps unpreventable, that 
the cloak of science should be donned and worn by faith healers and 
other mystics who have no comprehension of the meaning of the 
term. As a result, however, it is hardly surprising that part of the 
general public has a rather confused impression about science, when 
it reads serious accounts of such absurdities as a “science of astrol¬ 
ogy,” “the science of phrenology,” and many others. 

That the scientific method had its beginning in the ancient Greek 
and probably even earlier civilizations is clear enough, but it was 
displayed by only a few of the philosophers of that era and not con¬ 
sistently even by that few. This is all the more strange in view of 
the fact that the art of reasoning—logic—was highly cultivated by 
the Greelffi. True, men like Anaxagoras at Athens had many sound 
ideas and employed the scientific method to a notable extent, but at 
the same time they entertained, as firm beliefs, some notions that 
would now bring a laugh to any schoolboy. 

If one examines the writings of the founders of ancient Greek 
science in the sixth century B. C.— men like Thales and Anaximan¬ 
der—he finds that many of their opinions were mere suppositions, 
elaborated and bolstered with such support as labored argument and 
ingenuity of words could give. These men were the precursors of 
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modem scientists hat csirv bardly be called scientists tbemsaWes* No 
true scientist would have seriously put forth aa a coitelusion so fan- 
t A Stic and wholly unverified a notion as the greet Aristotle’s dictum 
iliat earthquakes are due to the surging of the wind through caverns 
in the earth. Even allowing for the inaccuracies of trarslaLion from 
the Greek, emo can find only the slenderest evidence to support this 
opinion. It was a result of pure speculation upon a subject about 
which the author had not even the most eleroeutaiy knowledge. Tet 
it was quoted with approval for 20 centuries. This is all the more 
meacuauble because a onnsidcrablc body of definite information about 
earthquakes was available in the Greek world of AristotJe’s day, and 
there were many pertinent observations on geology that could easily 
have been made in that epoch, even without modern iustrumentg, if 
serious attention lutd been devoted to tlie problems. 

In its eiiily stages the cultivation of ecience was often too largely 
H contest between cl tampions of rival LheoriGs. In ancient Greece the 
celebrated master gathered about him a group of disciples who too 
often Qft m " to THgard his pronoiincements os infallible. In the school 
of such a man as Pythagoras of Sicily, to quote the leader was suf¬ 
ficient to retUe any disputed point. The ideas of the master thus 
became dogmas and took on a kind of sanctity. 

It must be admitted that dogtna has been the fashion of Uie past. 
For millions of the earth's inhabitants it still remains so. Today we 
see the current of progress, being reversed in the despot-ridden coun¬ 
tries of Europe, where the privilege of freely drawing condurions 
from evidence is being reatricted and the blind acceptance of official 
dogma is exalted as a duty, if not a necessity. 

Even in the last century or two the history of science was marred 
bv many a bitter controversiy between rival leaders and their followers 
over theories. A theory was defended like a home citadel, and 
doubters were considered enemies actuated by the darkest of motives, 
Among such bickerings there was by contrast the magnanimity of 
Charles Darwin who said, regarding the storm of criticism that 
raged after the publication of **The Origin of Sjwies,” “If my book 
cannot etand the bombardment, why then let it go down and be 
forgotten.” 

Fortunately, rancorous disputes have nowadays largely ceased to 
aflUct the relations of real scientists. Tet there is still far too much 
of that epirit in the world at large. It has been well said that “Most 
men thinl- with their emotions rather than their iiitellecta.” The 
ancient metliod of verbal combat is still employed m our law conrtfi 
and legUktive halls, Each participant adhsiHi to his thesis, Search 
k then made for evidence to support it and at the same time to 
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refute its opponents* An equal effort is made to suppress or 
depreciate any facts that may prove to be embarrassingly adverse* 

The debating society may be a good place to train lawyers, but the 
partisan attitude of ‘^win tiie argument and confound the opponent’* 
is an unhealthy state of mind for a young scientist* Indeed, he can 
never become a true scientist until he outgrows that mental attitude* 
Rather he should cling to the advice of that wise old Quaker, William 
Penn: ‘‘In every debate, let truth be thy aim, not victory.” Per¬ 
haps it is our sporting instinct, derived, it may be, from our age-long 
struggles against each other, that makes us usually more interested 
in winning a contest than in finding the truth. 

By those who have not considered the matter thoroughly, scientists 
are often adversely criticized for devoting so much of their energy 
to problems that seem to lead to nothing of any human value. No 
doubt there is considerable merit in this charge* But we shall never 
know to what extent it is justified, because we can only guess what 
kind of knowledge and what kind of understanding may become 
useful in the future* The history of science is full of examples sup¬ 
porting this statement. Our huge electric motor industry grew out 
of the simple discovery by Faraday that when a magnet was moved 
in a loop of wire an electric current was generated in the wire. Why 
should the knowledge of that bar© fact have been of much value, 
and why should the public have been impressed at the time? In fact, 
it was not. Only a few men of science gave it some attention, as 
revealing a new principle—that of electromagnetic induction. Sim¬ 
ilarly, the oil industry of Texas has been greatly aided by the in¬ 
telligent combining of many bits of scientific information no one of 
which by itself has much commercial value—such items as undula¬ 
tions in strata, earth vibrations, soil analyses, and Foraminifera in 
drill-hole samples. 

Although the gathering of facts cannot in itself develop a science, 
yet facts we must have, in infinite number and variety, even though 
they are only the bricks to be used by the builder. The mere multi¬ 
plication of facts, the piling up of observations closely similar to hun¬ 
dreds of others, is properly regarded as of less value than the search 
for explanations, principles, and laws. While the layman thinks 
of Major Powell as the intrepid explorer of the Colorado River and 
its Grand Canyon, discovering, even at the risk of death, the wOd 
beauty of its scenery and the details of its geologic section, it is 
fitting that geologists should honor him even more for his clear 
exposition of the principles of the base level of stream erosion and 
the antecedent river* 

In view of the fact, already mentioned, that we can seldom foresee 
what utility any scientific fact or principle will eventually have, we 
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cannot afford to neglect any aspect of science. Discoveries in one 
field often release obstructions that have held back progress in other 
branches of science, and thus permit further advances. On the other 
hand, by regimenting scientific work and even opinion, along with 
all other phases of life, for their own immediate purposes, modem 
tyrants are violating this principle- This they can do with some 
measure of success for a short time, but eventually their countries 
will almost surely suffer a degeneration of science, and therefore of 
the civilization which is based upon it. 

Along with the increasing complexity of modem life there has 
grown up an urgent need for the scientific expert. The demand is 
being met by many persons who are real scientists but unfortunately 
by others who do not deserve the name. On that score Dean Koscoe 
Pound lately said in sarcastic vein that ^'the administrator is not 
appointed to office because he is an expert but he is an expert because 
he has been appointed.” We all know of cases that fit this satire, 
but in all seriousness we may trust that they are not numerous and 
that they are decreasing. 

Since the public must depend on its experts, it is essential that it 
should be well justified in placing confidence in them, to the end 
that such respect will endure. That puts a heavy responsibility upon 
the individual expert. As Grover Cleveland once said, “a public 
office is a pubhc trust,” no less so should any degree of leadership in 
science be regarded as a public trust; and so the expert, scientist is 
under great obligation to deserve the confidence of the public. His 
intellectual honesty will need to be outstanding and unwavering. 
Today, in this country, the scientist has already won such esteem 
to a large degree, although he is compromised and discredited now 
and then by the shortcomings of the less conscientious and careful 
of bis colleagues. Unfortunately, too, it is among the latter that the 
most vocal types are apt to appear, and it is they who often attract 
the most public attention. Perhaps it is expecting too much of man, 
as we know him, to hope that a time will some day arrive when our 
most influential leaders will be persons who have the true scientific 
spirit and have been trained expressly for the work they are to do, 
as humble in the face of their own limitations as they are wise and 
honest. 

Many years ago a former president of our Society, R. A. Daly, 
speaking informally as a visitor to one of my classes, advised the 
boys to *‘think to scale.” It would be hard indeed to pack more 
meaning into three words. The person who thinks to scale sees the 
relative value of each fact he uses and of each objective before him. 
He can then economize his time by confining his attention chiefly to 
the important and the significant problems. On that point the wisest 
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of the Bomnn empernra, hlArcus Aur^iuSt is smd to h&ve reni^rked 
that '^£vei 7 mfln is worth just so much rs the tlunga are worth to 
which ho devotes his eanusit It might bo somewhat dis¬ 

quieting to miiny of us if wo should measure ourselves by that 
principle. 

More then three centuries sgn Sir Francis Bacon urged the appli* 
culitin of tlie scieotihc method, as be then conceived it, to human 
afTairs and problems in general, but wb are still far short of having 
adopted hU advice, although all our eipericnco ainco his day confirms 
its value. 

The greatest progress has been made thus far in the physical 
ecioDCOS and scarcely less in the biolo^cal. Tha scientidc method 
and attitude of mind also pervade to 0 very large degree the related 
professions of engineering and medicitie. Engineering and inven¬ 
tion, based in IncreaHing measure upon science and pursued largely in 
the scientific spirit, have given us nearly all tnir modem transport 
and oommunicaiion faicilities, our grrat water control and power de¬ 
vices, our vast numbers of useful and convenient new materials such 
as rayon, plastics, alloy mBlais, and otlier benefits too well known 
and too numerous to mention. But for the application of medical 
science we ahoiild ha decimated not only by typhoid, tuberculosis:, 
and smallpox, but also by yellow fever, cholera, and even the plague^ 
Were it not for ths deficiency of science in politics, statecraft, and 
ethica w'e might not find ourselves today threatened by the plague 
of military despotism, which is more deadly in its modem form 
than any pestilence. We have used the scientific niBthod in engineei^ 
ing and medicine for a century and have found it good—far more 
effBcliva limn the old ways of speculation or of trial-and-error. In 
spite of the dilSculties involved, why not then extend it to otJier 
fieldst 1 h them any reason to suppose it will not bring great improve¬ 
ment there also I 

In sudi fielfls of study ns economics and sociology, the complex 
and dmd nature of the basic data that must be u«d and the influence 
of human prejudice, which closely touched these subjects, have greatly 
impeded their emergenca from Bpeculative philosophy and tlieir riKw 
toward the scientific level. In addition tlmy niHid a more general 
adoption of the Bcienliric attitude and method, TVliy not apply theBO 
to human affairs, subdue the emotional considerations, and'brush 
aw^ay liie cherish^ errors of the past! Then we should bo able to 
more more rapidly toward a real understanding of principles, for wo 
are justified in believing that such principles do exist. 

In ethics, whidi is in some respects the moot important of all 
auhjeda of human inquiry, we have made no great progess beyond 
the Greeks of Aristotle's day; and most of ihem were, except in 
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mathematical studies, philosophers rather than scientists. Even to¬ 
day the study of human conduct is but slowly emerging from its 
age-long status as an appendage of religion. AVould it not bring 
fruitful results to study ethics in the same scientific spirit that 
already pervades such a field of research as physiology? Without a 
firmly based and widely accepted science of ethics, the other natural 
sciences alone may lead us eventually to ruin for want of adequate 
control. Under the direction of the engineer, dynamite is an effective 
aid in construction and promotes industrial progress; but in the 
hands of the criminal it means murder and destruction. The differ- 
ence is only one of ethics* 

To have science flourish, there must be complete freedom of in¬ 
quiry and discussion. The beneficial influence of such freedom is 
indicated by the extraordinary development of philosophy and the 
sciences among the Greeks in the fom^th to the sixth centuries B. C., 
in the Gennany of the nineteenth eentuiy, and in modem America* 
Scholars properly insist on this necessity and guard their hard- 
earned right to intellectual liberty; nor is this freedom of research 
so firmly held but that it takes a little defending all the while from 
the bigots who would close to discussion certain trends of thought 
of which they chance to disapprove* 

But if the scientist is to deserve and therefore keep his freedom, 
even in a democracy, he should be equally scrupulous about his own 
responsibility to the public- He has no right to claim on the one 
hand immunity from restraint and on the other license to be unre¬ 
liable. It is the few irresponsible members of our profession who 
endanger our freedom of expression, for it is their words that tend 
to discredit the very science to which they are no m inally attached 
and thus bring all science into disrepute* 

One of the best indicators of the scientific maturity of a nation 
is the standing accorded scientists in their own communities* In 
Greece science and philosophy flourished not only because they were 
free, but because they brought honor and even wealth to those who 
distinguished themselves in scholarship. In Germany 40 years ago 
the great scientist, like Helmholtz, was appointed a Geheimrat and 
on the whole stood higher in the social scale than the banker or the 
industrial magnate. In onr own countiy we are lately beginning 
to appreciate our thinkers, but tlieir value to the world is not widely 
comprehended, nor are we very discriminating in recognizing them* 
We are apt to rate too highly the man who makes a spectacular but 
very definite and easily apprehended, discovery, as compared with 
another who slowly develops an idea or principle which in time 
unlocks for us another room of progress- 
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Jefferson, Franklin, and other founders of our American Union 
fully realized that a well-informed people was ^sential to the suc¬ 
cess of the republic. Although a lover of freedom, Goethe under¬ 
stood the difficulty of making a democracy succeed, remarking that 
“the trouble with democracy is that it has to wait for an enlightened 
public opinion.” More pessimistic commentators, like Disraeli, were 
confident that the experiment could end only in failure, because they 
believed tliat even the best popular education that was practically 
attainable would be inadequate. 

A system of education, to be good, must be suited to its time in 
history. The boys of ancient Persia were taught “to ride and to 
shoot and to speak the truth.” In their day, nearly 3,000 years ago, 
that was education enough, but now it would be of little avail, 
although the last item (speak the truth) has eternal value. 

If we were willing to accept the Nazi plan of society we should need 
only a small highly educated upper caste. The rest of the people 
would be given only training and indoctrination. But if we want 
freedom and the so-called democratic way of life, then we need the 
most widespread and effective education that our mental equipment 
will permit. In our own system, a few wise leaders would be help¬ 
less in the face of a grossly ignorant populace, swayed chiefly by its 
emotions and prejudices. Too often this has been true in democracies 
thus far, and in America it is stiU a dangerous factor. So I conclude 
that we must have, as soon as we can provide it, far better and more 
extensive education, and a general adoption of the scientific attitude 
of mind. Is that a large order? It surely is—^perhaps too much to 
expect—^but it may weU be the price of our liberty and the survival 
of the American type of civilization. 

Hitler is quoted as having said that no people is capable of govern¬ 
ing itself or even of planning its own affairs. If the majority of the 
people are to be kept in ignorance, he is doubtless right. As our life 
becomes mote complex our problems become more difficult. To solve 
them badly may mean disaster. To solve them well requires adequate 
knowledge and especially clear thinking. Bias and prejudice are lia¬ 
bilities or handicaps that we cannot well afford and hence should 
try by all means to reduce. If, in a republic, we are to have affairs 
well handled, we must rear millions of capable unbiased persons to 
make those varied problems their life concerns. That, it seems to me, 
demands the scientific attitude of mind and an efficient system of 
education expressly devised for that purpose; for it is not something 
which we gain by inheritance or in the common experiences of life. 

To insure a well-informed and intelligent people is a most difficult 
task. History affords no good example of such a nation. It is by 
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no means certain that it is even possible. The eugenicists will prop¬ 
erly assert that their advice most be followed, and no doubt there 
is some hope in their principles and plans; but beyond that it seems 
evident that education is oor best chance. It means educating more 
people and educating most of them longer—perhaps continuously 
throughout life. Most important of allj it means educating them far 
more wisely and efficiently. As a scientist I am perhaps biased in 
believing that the most important element in this education is the 
scientific attitude of mind. That does not mean that every person 
must become a scientist, but that he must acquire the habit of think¬ 
ing as a scientist. It means that the great majority should under¬ 
stand what science is, what it stands for, and its value to society. 
They should then be able to recognize the true scientist and distin¬ 
guish him from the sciosophist or the imposter. It will also enhance 
their capacity to judge the merits of their leaders and the general 
issues of the day. 

Having harped at length on the importance of science, I must ask 
you not to misunderstand me as implying that science is all we need. 
It is no panacea for our troubles. Indeed, if we were esclusively 
scientific we should not be human at all. There are other things that 
are also necessary—love, art, imagination, intuition, loyalty, poetry, 
and many others. I merely emphasize the opinion that science is one 
of the most indispensable factors in civilization. We must become 
more scientific and especially more widely scientific. 

To say that one vital function of society is more important than 
another is as pointless as to say that the lungs are more important 
than the heart. We may, however, be sure that effective education is 
one of the indispensable concerns of a free civilized nation. In the 
opinion of Dr, Copeland (1928) “education is Incomparably the most 
important function of society.’^ Without it the state could not en¬ 
dure for even a century, for in no other way can the long, slowly won 
progress of the past be effectively transmitted. Good education is 
one of the greatest means of national advancement. Poor education 
insures the decline of a people and even their disappearance as a 
nation. 

Many of the ablest thinkers in the past, from Plato down to our 
own day, have felt sure that democracy was an unworkable plan. 
Much as I hope that they were mistaken, I should feel constrained to 
agree with them if I did not have some grounds for hoping that we 
can devise and continually improve a process of education adequate 
for the requirements of the country; but it will need to be much 
better than anything we have had thus far. This hope is encouraged 
by the view of so experienced an educator as ex-President Morgan of 
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Antiodi College, who baa m\A ihut ^resulta ns ruToIutJonary are 
[Hisfilble m education as in cnginccrinig, and they are even more 
necc^ry.*^ 

Cundii.iotia m our schools and even in our colleges and uniforsities 
today arc far less satiefactory than they should be in view of our 
ftLuse need of die best education wo can provide, ^Vs recently 
remarked by Profeg^or Curtis 

Ld thin oclccitltac aeu w{^ Upd^ fimuiip our l;il]f1i<achavi pad 

poivcnfliy ^nidunti^, mnay who tiOthUiR dcnpltc and have Poet»n^■■ic^ffnna^ 

wiaUu niiipy tiUivm will hcliave aujfilUPg, no mattur hi^w faulouUi: * * * 

there is little dljBferppw' b^nveen mnny tJoU-Pi^e iU’Pduprea and ihofU' who have 
not gone beyond the eighth grade, lasofar ua tdietr ipootal atntodaa or JudgmeslB 
In the Uuldu p£ aciCDCC arc concerned. 

Tina ha is bicliiied to ascribe partly to the fact that maii 3 ' teachers, 
ivtll as students, have had little or no training in science and imrtly 
to the type of teaching that is all too prevalent, esi>eciul]y in our 
loivcr schools. Too nnicli of it is dogriiHtic, and the stadent is not 
trained to tltink lor himsell. There is far too much emphasis u[>uii 
the lo^triiiug of facts, on the iiiistakcii supiX>sitinn that knowledge) 
os distinguisbefl from understanding, is the chief object of sebooling, 

iiiincu in order to progress vre must constantly iinprove our educa¬ 
tion, we shsll liavc to have more teachers, especially better and tviser 
teachers, and teiuhers who are not only o^rupetcut to train youth but 
who am allowed to Utilize llieir competence in teaching, under a 
minimum of adiinuistralive control, In my opinion no iniiture 
teacher who needs to be told by a prinei|ffi] or dean liow to teach 
deserves to be employed as a teachsr, There has grown up in recent 
years a widespread tendency to ovei-sircss the importance of leaching 
niRtJiods and to give school ezecutires wide powers of dircetioa over 
the daily work of the liidividiml teacher. Such practice overlooks 
Uin fact that good teaching is a matter of individuality, tImL the 
teacher to be enccessfid most be a tnie scholar, and tliai scholore caii- 
niit. be regimented. Also, our system lioa always been less BtFretivo 
than it should be, becauw we have left so much of the education of 
onr rising generation to relatively inesperienced young persomj. This 
seems almost as sbortsighUid, and in die long run as likely to prove 
disofitrous to the Xation, as to leave our military defense largely to 
young c»i;riiit3. Tlie only appai'ent advantage to this ie that it is 
less expensive than the alternative; but tlie cheapest Eysteui may prove 
in time to be the leoMl economical. 

At this point it may be asked what results we can fairly expect 
from such improvements in our i3diicat1onal arrangements in the next 
decade or tasntury. The espcricnecd scientist will undcjwbind that 
sound improvement in human affairs will come only by ovolutiun and 
after cautious experiments on a small scale rather than by sudden 
revolutionary dianges on a large scale. 
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Odo of our ffreateHt dangBrs lies in the impatience of many 
to gain great rcsulLs quickly. This is Dstural Miougii, in view of the 
brevity of our indivitlual lives. But it is inconsistent ivith the prin¬ 
ciples v?liii:h govern all life. We are a piu-t of Nature and. however 
much tre may feem to InHueuce natural processes, there is every rea¬ 
son in bsIieTB that we &re in fact ami on the longer view controlled 
by Nature, Wliether wb like it or not, slow evolution is Nature’s 
way. And SO we can hardly ht>[>e to elsborate some theoretical now 
scheme of social or economic organization, put it into practice on a 
national or world-wide ecalc in a few years, and have any reasonable 
prospect of sAiccess, Hidden fauUa and weaknesses are likely to cause 
failure, and that in Lum may exhaust for decades even the healthy 
impulse toward improvement. Tlie fiiscluation that these schemeH 
have for our youth doubtless has a complex causa, but it may well 
bo due in part to the faulty charaoLer of our current education, whicli 
line not given them t he advantages of the ecienlific viewpoint. Again, 
ns Daly said, they should learn to “think to scale.” 

However difficult it may be to forecast future trends more than a 
few years ahead, the geologist enn hardly be expefdetl to overlook 
thfl longer view j and so T may now raise a few questions about what 
may he in store for humanity in another epoch—not u matter of 
centuries but probably of ten a or even hundreds of thousands of years. 

There are many who expect that man will mak* cantinuous progress 
toward higher and belter thiiiga, becoming in the course of time so 
much wiser, more sensible, and reasonable that the worlds life will 
be vastly more happy then it has ever been in the past. War, sick¬ 
ness, and poverty would then be abolished. Cruelty, hate, and in¬ 
justice would become obsolete, and wo shouM be living in a sort of 
Golden Age tlie like of which we have never eveu appresched. That 
is a IwauLiful vision to Contemplate, especially in these dark timefi. 

The lessons of historical paleontology may throw a beam of light 
ahead cm this speculation, for of course it is no miwa than that. As 
WQ look back over the hLeLory of man wo dud evidence of great cul¬ 
tural progress since the time of the primitive cava man, who made 
crude stone implements but lived in isolated families competing with 
the wild beaste of the day for such feed its could be found or seized. 
Ho Was indeed only one of the iseasts, and it is hard to point out 
mora than a few respects in which he was superior to them. Did 
the early Stone Age men gradually develop, by slow practice liiid 
learning, into nicKiem man I We do not know, but there is litt le 
reason to suppose so. All that we know today of human paleontology 
indicates that what we loosely refer to as in an comprised a group 
of at IcuhL five and probably eight or more distinct animal species 
which are generally grouped by ssoologiste in severel genera. These 
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may have originated in yarious parts of the world, each lived many 
tens of thousands of years, and then with one exception all became 
extinct. At certain times two or more such species may have co¬ 
existed, although probably in different regions. Perhaps they even¬ 
tually killed off each other, just as the white race in historic times 
has exterminated the Tasmanians and certain other primitive tribes* 
But today only one species survives, and he has apparently had the 
field all to himself since the middle of the last glacial epoch, or about 
30,000-60,000 years ago, according to current estimates* Each of 
these species appears to have been as distinct from the others as 
species and genera of animals usually are. 

There is nothing to indicate that the very primitive Sinanihropm 
made much progress in culture during his long career in China* He 
learned to use fire—probably to make it^—and to fashion a few simple 
tools of stone and bone; but that seems to have marked the limit of 
his inventive capacity* For shelter and safety from attack he ^etns 
to have crept into caves, like many another beast. 

Neanderthal man, generally placed in the genus Eomo^ shows evi¬ 
dence of a distinctly higher culture* He made more varied and better 
tools of chipped flint, of wood, bone, and other materials ready to 
his hand. But with a brain which appears to have been inferior, 
even his long career as a species seems not to have sufficed for him to 
invent pottery, polished or ground stone tools, to learn to domesticate 
and use other animals rather than to hunt them, or to grow crops, 
not to mention building houses or using metals* Apparently he had 
some ideas about spirits and a future life, for he buried his dead 
with some care and placed in their graves some of their ornaments 
and weapons; but we have no evidence that he developed any art of 
drawing or sculpture, and none of his tools were finely wrought 
There is evidence of only slight progress during the long age 
through which he lived, and at his best his cultural level was dis¬ 
tinctly lower than that of the most primitive savages now known to 
anthropologists* 

How these various species of men came into existence is unknown 
and may well remain so. But there is nothing to suggest that their 
origin differed in any way from that of the other mammals. To 
suppose that it did would be gratuitous speculation* Indeed, had it 
not been for the achievements of the latest of these species, the 
Hominidae would never have been entitled to special notice as 
anything more than somewhat peculiar mammals* 

From biological friends whom I have consulted, I learn that they 
are not yet agreed upon the question of how a new species originates. 
In fact there is some difference of opinion as to just what constitutes 
a species, as contrasted with a race, a variety, or even a genus. While 
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waiting for the biologists to work out these problems, we may use 
the term “species” a bit vaguely in its current meaning, and we may 
tentatively adopt the now preponderant view that new species ori^- 
nate not by gradual imperceptible changes but by sudden mutations, 
either extensive enough to produce a distinct species at once or 
occurring in series which eventually culminate in full specific status. 

However any new species actually originated, its parental species 
doubtless continued to exist for a time without much change. The 
new kind expanded in numbers and, if more effective, eventually over¬ 
ran and exterminated the older one. It then went on living without 
important physical change until it was in turn crowded out by more 
efficient animals or until it succumbed to other adverse factors in its 
environment. 

Have we any reason to suppose that Eoim safiens is not subject to 
the same process or that his fate will not be similar? He differed 
from earlier species of men very slightly in physical form and struc¬ 
ture. His achievements and the shapes of his crania suggest that he 
possessed, from the outset, not only a larger but probably also a dis¬ 
tinctly better brain, which has enabled him to learn more extensively, 
to devise complicated languages, and eventually to develop what we 
now call civilization. This progress seems to have gone forward on 
a steadily rising curve. For perhaps 20,000 years Homo sapiens was 
only a savage, a wandering hunter. In the next 5,000 years or more 
he advanced locally to the status of a shepherd and even a village 
farmer. In another 3,000 years he learned to extract and use metals, 
form city states and even nations, and become skillful in many of the 
finer arts. Accelerated advance in the next 1,000 years lead to books, 
commerce, literature, and pliilosophy. The last century or two has 
witnessed a rapidity of material progress in communication and far- 
flung organization that exceeds anything previously known; and 
with it has come much growth in ideas and in the complexity of eco¬ 
nomic and social arrangements. Are we justified in assuming from 
the contemplation of that curve that it will continue to rise indefi¬ 
nitely, and at a similar rate? Is there in all geologic or human his¬ 
tory any precedent for that? Other animal species of the past have 
followed career curves that involved a rise, culmination, and decline. 
We have seen the same law controlling the nations and even races of 
humanity. Will our own species also reach its climax and then 
deteriorate? And if that happens, how and when will it occur? 
As yet we have but little basis for answers to such questions. 

In contrast to his progress in ways and ideas, Homo sapiens seems 
to have undergone o^y slight physical changes, even in the estimated 
30,000 years of which some records have come down to us. Anatom¬ 
ically there seems to be no evidence whatever of any progress—no 
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increase in cmiiial capacity, ptohfl.l4y no approciablo ehangi^ in brain 
anatcmj, In tlm Ust 3,000 je^irs, in whieh some eridence ia available, 
there is no sign of any improyemeiit in native intelligence. Man’s 
actions ore still fioverned more by lib emotions and siiibconacioiia 
mental eldmettts than by bis intellect His savnga instincts, that we 
like to think tH*gan to be conquered thoiisandM of years ago, are still 
present bencfitli the surface and reappear at MnesfwcteHd intervals 
even in civiliKetl raatt* Among tlie more backward modem races of 
hu inanity they have scarcely changed. 

In sliort, our surviving species of i/ORio, being one of the mam¬ 
mals, is probably as definitely limitfid in bis iiOKKibilities aa are the 
other s|;ecies of that elosa. Just as we do not expect a dog to leom 
algebra, although be can kam to open a diH>r, so wt? probably ought 
not to e^cpect more from present-day man than his brnin is capable 
of attaining. As Hawkins (1930), Llin Knglisii pali^ontologist, 
it; *^Our mental capacity is a specific ebaracter.’* If this is the truth 
of the matter, it may be over^optimi^Jic to our own specif>:s to 

rise far abyve bis present stage of mentality. Notable irnprovement 
along lines already established, and ii raising of the olloir twfi-thirds 
of thu GarlJiV population to or above the level of the present eivllized 
minority, may wf*ll take place over the centimca and thoiiBande of 
y«]ii^ yet remaining in tlia expectable future life of this species. 
His contribution to biological progress will then have been made, 
and, if history is to I'Opeat It^lf, he will Liirn Lm ready for conquest, 
if not extermination, by some other type of being, perhaps some new 
s|afcles fjf the Hominldae that box more innate, capacity for progref^. 

Whence may such a higher species originate! Will it be an out¬ 
growth of the most higlily civilised nations of today f The general 
testimony of history suggests the contrary. The nncc^ral mammals 
did not spring Iroiu the most advanced dinosaurs nf the Mesoxoic 
erOn Man and the great apes are traced back, not to the large special- 
ixetl niiitEiuials of Eocene times, but to prmutiva generalized animals 
related to the bumble insect ivores. The extraordinarily auccejwfwl 
Mongol dynasty of tlia Middle Ageu not from the cultivated 

Chinese of Nanking, but from a tribe of bnrboTio nomads of die 
steppes. Likewise the most civilized nations of inoflfjm Europe did 
not spring from the Bomans of Cunaar^e day but from the forej^t bar¬ 
barians aruunrl tlio Baltic. Perhaps;, tlierefore, the progenitors of 
the newer and better man will appear unnoticed in sonifi remote anti 
backward comer tif the wrorld, where they can develop in obscurity^ 
while the well-known modem races of Ilimo sapkm contend with 
each other for a transient tfupreTnacy* 

Just as it would have been di£^t for even a most intelligent 
trilobite to imagine the fish, which wa^ destined to drive him from 
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tbe iKenc, ^ it is not easy for us to forwuat the nstur^ and potentliil* 
itica of that iievt spedea of Borao wMch may appear in the distant 
future, unless itirle*il our genus itself Iiaa by that time run its course 
and it is not deatined to offer the world anything further. It is of 
little conEe(]uenoB whether such a nsw apeei^ may have smaller 
troth, a akiii less hairy, or taller stature, Tl^e only way in which 
he is likely to outstrip Eom^ tapiefts effectively is in the quality of 
Ilia brain. Will he be able to absorb knowleilge more rapidly and re¬ 
member it betterl Will his imagination be kroner; will he reason 
out his problems more effectively; and, above oU, will hie life and 
conduct bo oontnollefl by bis mtellect rather than by hia feelings! 
If BO, be may be able to take knowledge in larger doses, profit more 
by the stored*iip espt^ricnca of others, instead of merely bis own, ami 
by the leasona of history. He diould be far more educahle than any 
earlier species in the family. 

It may bo objected that Uiese speculations are hardly optimistio, 
that they do not present a hopeful picture, and that they do not nroro- 
sarily envisage continueLl progress toward a far higher ami better 
human world. To this I must reply that a scientist is under no 
obligation to l» an optimist. His only concern must Iw to approach 
nearer to the truth. If Uie truth offers hope, wo may rejoice. If it 
fails to do so, we are not thereby justified in denying or even ignoring 
iL As King Solomon long ago advised, let ua gd understanding, and 
by BO doing we may reach a serenity of outlook lUat will fit ua better 
to play a worthy part in the great drama of human evolution. 
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ICEJLAND, LAND OF FROST AND FIRE" 


Bt ViwTOfl 

of Induitries mtd VofAmanicatiiinM, Icflond 


E Wiii) It puif«l 

Remote from all other countries, in iJia mlddk af Lhfi Atlantic 
Ocean, a E^pping stone between the New and Old TVorldt lies Ice^ 
laniL It k the largest island in Europe after BritaLn^ havio^ an 
area of 4Q,000 wpinre miles* 

Iceland is a very mountainoiLs country, consisting of basalt lava 
and other volcanic rockj with, howeverj a large area of lowlands, espe^ 
ciflllv in the south and the southwest. Otherwise there is vary Uttle 
lowland, except at the lieada of the fjords and in the great nnmj 
vaileyg which Wretch from tlie numerous fjords and bays up into the 
highlands. Except for aonin rounded hilla and shallow depressions, 
tile central part of the country is an unbroken plateau, 1,100 to 2,600 
feet high. In the interior, a great deal of the territory, especially 
tlie higher mountains, is covered with a cap of eteriiHl snow. 

Iceland Is the most volcanic enuntrj in the world, and is, perhaps, 
moet widely known for her volcanoes. Volcanic Eigris can ba seen 
everywhere. Not cmly the mountains but great plains are covered 
with lava, often like a furious sea which has suddenly became stilled^ 
This is something rnora than a simile, because the lava was once a 
roarjtig current of boiling rock. Over a liuiidrud eruptionB have 
been recorded since the ccmitry was first inhabited. In later j^ears, 
however, volcanic eniptious have not bofln frequent, and most of 
them have taken place in the center of the country far from human 
habitation. 

The most famous of all volcanoes in Iceland m Hekla, a familiar 
name in every country. In former times this mountain woe con- 
Hidered unmistakahle proof of tho existence of Hell, For several 
centuries people refrained from climbing Mount Hekla because it 
was believed to be tho chimnoy of the dark abode iinderneatl^ but 
during later years it has become quite popular. A return trip to the 

Iltprlat^ bjr prrmIutoD frttm Un C^nidJ*D Jqchti*C t* 1, El, Nq. 4. 
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top of Hekla, with a tiaigbboring farm as n staitinj^ point, takes 10 
to 1:2 hours. The view from the top is maguilioent ittiil well worth 
the somewhat strenuous trip, which is accomplished partly by tho 
nid of [>onii^ 

Id Iceland diere are many glnciera under which aro volcanic cralen- 
in various places, as for iuBtance, in the wisateni area of Votnajokull, 
which, in recent yearF, has cominanded attention on account of vol¬ 
canic eruptions, A number of Icelundic and foreign scientists have 
climbed the glacier in order to investigate this peculiar phenomenon 
of ice and fire. It is fantastie to visualize thoHU two op^xising forces 
in conflict, fire breaking its, way tliroTigh hundreds of feet of solid ice. 

Hot springs and geysers are to be found uJl over tho m<intry, even 
in the rivers, on the sea bttd, and under the glaciers. Tho most 
famouB of nil tho hot springs is the Great Geyair nhnut 8fi miles 
from Beykjavik; from it sfniuting springs all over the world have 
derived their name. After having witnessed an eruption of the 
Gnint Geysir which lasted for 20 minutes, a Scottish captain nj- 
marked: *‘This |mwer would have sailed half a dozen Q-mmn Mary'* 
right across the Atlantic.” Tins unbroken column of scalding water 
and steam lliat rises from 100 to ISO feet up into tiio air is impres¬ 
sive and aflords a spectacle tiaver to be forgotten. The internal heat 
of tho earth is a tremendous eource of power. During recent yenia 
tjie Icelanders have been husy harnessing this heat and power. This 
ia done chiefly by heat mg houses, buildings, swimming liiisins, and 
greenhouses. Ifot only are a groat niniibcr of individual fumm 
heated by the Lbenoul springs, but certain public buildinga as well, 
such as the larger country schools. It is ctf special interest for the 
traveler to note that many of these coimtiy schools ai^ used as hotels 
during the summer season. In these places one can have outdoor 
and indoor swimniiug in warm water. The house.^ in a considerable 
part of Reykjavik, are already heated by the tliermal springs near 
tlio city, and w« have reason to hope that a boating system of thia 
kind will cover the entire city witliiti a few monthsi After that no 
chimneys will bo built in Keybjavik. The graenhouses, suppUed ivith 
natural heat, are already busy procuring flowers as well as tropical 
fruit. 

There are numerous rivers in Iceland and some of them have great 
volumes of water. Mo^t of the larger ones Imvo their origin under 
the glaciers and ere of an opaque gmyisli color, on account of the 
glncid clay. Others rising from springs a™ cryetal elear. JHost of 
the rivers are now spanned with bridges^ but one can still imagine 
what it meant to ford them on poniea. 

The-ie huge rivers, rapid and powerful, sometimes run peacefully, 
although with u hidden stren^, over fertile plains j 
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pluDg^! in tremendous falls, tBnndering on their way, and whera the 
rirers drop down from liie highlands, magnificent and beautiful 
waterfalls are formed. The most remarkable of these are I>eLlifcM« 
in the north and Gulifiiss in tlie south. 

The water power in the country is cnourmous, and year by year it 
13 being more and more utilized. Af present it is giving light and 
heat to thousands of homes in Iceland. But the rivers in I^'cland 
proWde another a>iset; in a number of them the salmon are abundanti 
as arc tho trout in the many lakes in different parte of the country. 

The laru fields of Iceland are numerous and eitenhire, especially 
in the iininhabited part of the country, the most remarkable of those 
being Od^oohraun, the largest lava field in the world* 

Iceland has often been called land of contrasts” and it justly 
deserves the name. This is a land where the snow-white caps of the 
tnouniaina cover il^o inlen^fe Era beneath, where you can take a bath 
in hotrsprlng water out in the open during the severe part of the 
w^inter; the inhahit«i! valleys and plains are friendly^ inviting, and 
charming, the lava deserts desolat*, barren and awe-inspiring. Beau¬ 
tiful lakeH and riviirs winding through green pastures and fertile 
meadows with their gushing geysera are a sharp contrast to the 
sparkling glaciers, those fields of snow and ice, where nu birda slng^ 
and where nature is dead and ailoiat except when the wind sweeps 
over the white desert- 

THH CLliUTK 

The name of the country and its geographical situation have given 
rise to the prevalent erroneous idea.^ about the island. Fortunnlely, 
howeverj there is very little similarity between tho name and the 
country itselh 

Tho climate of Iceland b a maritime climate: not particularly 
warm in summer and not very cold in winter. As for tlie teinperm- 
tnre, it b mteresting to note that the mean tcraperature in January 
in Reykjavik, the capital, is about 30® F, The mean gunimer lem- 
perature b F. The mean temperature of tlic whole year b 39“ 
F., which is Bimilar to Quebec. In Reykjavik we vety seldom have 
snow^ and on the low lands ioiow randy Has fur long; on the mountains, 
however, it lies deep, making ideal conditions for winter sports. 

THE FOFin^ATTOy 

And noWj whi> arei the people who inhabit Lliia **land of frost and 
fire” as Iceland is sometimes called? 

llie p^ipla of Iceland are ilc^endante of Scandinavian vikings 
who were fuU of vitality, eager in exploituig new eouiitri^ and 
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seeking freedom as Leifur the Lucky, the Icelander \rho discovered 
America. 

Iceland was colonized mainly by Norse vikings, who wanted to 
throw off the political yoke of Harald the Fairhaired of Norway. 
But a considerable part of the early settlers came from the British 
Isles, principally from Scotland and Ireland. The Icelanders are 
therefore a Scandinavian people with a mixture of Celtic blood. 

Hrafna-Fldki was the first viking who intended to settle down in 
Iceland, but he left the country after a short stay, somewhat disap¬ 
pointed, as due to lack of foresight he gathered no hay for the sheep 
he had brought with him and therefore lost them all. Before he left 
the country he climbed a high mountain and saw a firth full of ice. 
This gave him the idea of giving the country the uninviting and rather 
misleading name it bears. 

In the year 874 the first settler of Iceland, IngJilfur Amarson, 
landed on the south coast of the country. Three years later he 
built his homestead where Reykjavik now stands. Reykjavik claims 
the distinction of being specially selected by the gods themselves to 
become the leading place of the coimtry. According to the tradition, 
Ingolfur, when be sighted land, threw overboard his high seat pillars, 
declaring that he would settle down where the gods deigned to have 
them driven ashore. After a 3-year search he found them where is 
now the harbor of Reykjavik. 

Sixty years after the settlement of Ingolfur the population was 
about 50,000; these self-willed vikings made their homes here, becom¬ 
ing a nation of farmers and creating their own history and culture. 

In the summer of 930 the people established a code of laws. This 
legislative assembly, the Althing, the oldest parliament in the world, 
used to gather every summer at a place called Thingvellir. 

In the year 1000 the Christian faith was adopted by law. In the 
some year Leifur, called the Lucky, discovered America, which he 
called Vinland. In commemoration of this event, the Congress of 
the United States of America presented Iceland with an impressive 
statue of Leifur the Lucky at the one-thousandth anniversary of the 
Icelandic Parliament in 1930. 

THE LANQUAGE 

Icelandic, the language of Iceland has remained pure and prac¬ 
tically unchanged since the time when it was the common tongue 
of all northern people. Consequently, it might be called the mother 
tongue of the Scandinavian languages; a great many words in the 
English language are derived from this same source. 
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In Iceland there are no dialects, thanks to the national literature 
the Icelanders created long before any such thing was known in 
other parts of northern Europe. 

Early in the twelfth century the Icelanders began to write their 
laws and the history of their country on parchment, which was 
followed by the writing of the famous Icelandic “Sagas.” 

POLITICAL RELA TIONS 

In the thirteenth and fourteenth centuries, through changes in 
political relations, Iceland became united first with Norway and later 
with Denmark. 

The loss of political freedom, epidemics, and widespread poverty 
and hardships for many years caused the population to diminish to 
about one-third of what it was at the time of the republic. But 
during the last few decades the Icelandic people seem to have taken 
on new life. In 1918, after a long and strenuous political struggle, 
Iceland became an independent and sovereign state in personal union 
with Denmark through a common king. Since the restoration of 
the power of administration, a steady and far-reaching change has 
taken place in the mode of living and general conditions in the 
country. 

FISHING, AGRICtFLTUHE, INDUSTRY. TRADE 

The Icelandic nation is one of the smallest nations in the world 
(population about 120,000), but its influence in the world trade is 
felt far beyond wbat one might expect. 

The greatest factor in Iceland’s economic life is the fisheries. The 
sea around the country is enormously rich in fish. There are two 
currents striking the coast of Iceland. A branch of the Gulf Stream 
encompasses the larger part of the coast so that the country is almost 
surrounded by warm water. Tliis is the reason the climate on this 
Arctic island is much milder than one would expect when its geo¬ 
graphical position is taken into consideration. The other current, 
polar in character, comes from the north and strikes the north and 
east coasts of the country. 

On account of these two currents with their different types of 
marine plant and animal life, the sea around Iceland is rich in the 
growth which is the basis of life for various kinds of fish such as 
cod, saithe, haddock, halibut, herring, and many others. Seals are 
numerous and millions of sea birds breed and make their homes on 
the seashore, on the rocks, and on the many small isles around the 
coast. The most important of these sea birds is the eider duck, from 
the nests of which the eider down is gathered. 
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The Icelandic fisheries are as old as the nation itself. For cen¬ 
turies the Icelanders used virtuallj only rowing boats. Later on 
came sailing vessels, which again, in their turn, were replaced by 
steam trawlers, other steamships, and motorboats. Now the fishing 
is run on the most scientific modem lines. 

But it is not only the Icelanders who enrich themselves with the 
abundance of the sea. There are thousands of ships of different 
nationalities fishing around tlie coast of Iceland. During the winter 
nights some of the fishing banks look like moving towns, light with 
light, ship with ship, all fighting for the cod. But the Icelanders 
are, of course, best situated for these fishing grounds, and indeed 
they exploit them with diligence, being the fourth largest fishing 
nation in Europe. 

Agriculture, second largest occupation of the Icelandic nation has 
undergone a great change although the development has been slower 
than in the fishing industry. Stock raising is largely pursued, the 
qualities of the soil being suited to it. The production of vegetables 
is considerable and increasing. An interesting feature of this occu¬ 
pation is, as has been stated earlier, the ever increasing use of natural 
heat from the thermal springs for growing all kinds of vegetables, 
fruit, and flowers. The possibilities in this respect are practically 
without limit. 

There is a considerable amount of industry in Iceland, particu¬ 
larly in connection with the fisheries, and it is increasing rapidly. 

Trade, both at home and with foreign countries, is extensive in 
proportion to the size of the population. The foreign trade is greater 
per person than that of any other country from which statistics are 
available. This is because Iceland has need of a great many products 
for which there are no raw materials in the country. On the other 
hand, the products are somewhat one-sided. The exports consist 
mainly of sea products, such as fresh fish, frozen, salted, and dried 
herring, cod-liver oil, fish meal, and agricultural products such as 
meat, wool, butter, cheese, hides, and skins, and eider down. Manufac¬ 
tured goods, groceries, and aU kinds of cereals have to be imported. In 
Iceland there are no mines, no coal, no salt or oil. These and all kinds 
of machinery must therefore be imported. 

COMMUNICATIONS 

Communication is, as may be expected, rather diflScult in Iceland. 
The country is mountainous and intersected by great rivers but the 
population is small. Perhaps the first thing that would strike the 
visitor wanting to travel about in Iceland is the absence of railways. 
There have never been any railways in Iceland, and it is improbable 
that any will ever be built. Nevertheless, roads fit for motor traffic 
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total altogether over S,000 miles with about S30 bridges, of which the 
majority have been built during the last two decades. The roads 
cover moat of the populated districts, linking them together across 
highland and mountain passes. Motor roads are also beginning to 
reach np into the highland plateau. Motor vehicles are the chief 
means of transport, and have replaced the horses. But travelers want¬ 
ing to reach places outside the motor roads have to resort to ponies 
both for riding and transport of goods. The Icelandic ponies are the 
most delightful animals; they are strong, sure-footed and intelligent. 
As a matter of fact there are a great many who prefer the ponies to 
the motor vehicles, and it is difficult to imagine a more pleasant way 
of spending a holiday than by going with a group of friends on 
horseback through certain parts of Iceland. 

Before the outbreak of the war passenger steamers sailed regularly 
from Iceland to England, Denmark, Norway, and Germany. This is, 
of course, somewhat changed now, and two steamers have been put on 
the Keykjavik-New Tork route. Iceland hopes for improved com¬ 
munications with the American countries in the near future and 
wishes to establish a closer cultural and commercial relationship, par¬ 
ticularly with Canada and the United States. 

Telegraph lines extend over the whole countiy, and submarine 
cables, as well as a wireless telephone system, link Iceland with the 
rest of the world. 

EDUCATION 

Illiteracy is unknown in Iceland, and the general level of education 
is considered very high. Attendance in school is compulsory for every 
child up to 14 years of age. In towns the school system is not unUke 
what is common in the English speaking countries. But in the 
country, schools have not yet been built in every district, so that in 
some places the teachers have to use the individual homes where the 
children gather, A number of schools for adults have been built in 
the country districts. These schools are preferably erected at the side 
of a hot spring, and are not only heated but are also equipped with 
swimming baths and even steam baths. 

The University is small and a number of students go abroad to 
various European and American countries for special studies. 

The art of writing seems to be a strong inheritance because a com¬ 
paratively great number of people have shown their talent in this 
respect. Perhaps they are encouraged by the knowledge that if they 
have something to say and say it well, it will be read by a whole 
nation, even if a small one. Nowhere are so many books and news¬ 
papers published yearly in proportion to the size of the population, 
and, in addition, there is imported a great number of foreign books, 

430577-^42 - 20 
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for many people read one or more foreign languages. On the book¬ 
shelves in the farmsteads may often be seen a selection of ■world litera¬ 
ture in the original languages. 

ICELAND AS A TOURIST COUNTRY 

Iceland lies off the beaten track and has therefore not yet been dis¬ 
covered as a tourist country, except to a very limited extent. But the 
country has great possibilities in this respect. The number of tourists 
visiting Iceland has been increasing steadily in recent years and to 
those who love the open air and the pleasures and recreations afforded 
by nature, Iceland has much to offer. 
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PLATE 1 



1. Many waterfalls are Formed Where the Streams from the Lava 
PLATEAU Plunge Over its Bounding Escarpment. 

The lava banks show the typical columnar siructun? formed In many lava flows when they coc^l. 



2 A Waterfalu formed Where a stream Drops imto a Crack in the Lava 

Plateau, 
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There ARE MANY UNUSUAL Erosional Forms IN 2, A pecuhar Mush room like Rock causep 

THE Volcanic Rocks or the ISLAND. Erosion in the lavas and Material Ejec* 

FROM THE Volcanoes 
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Plate B 



1 CONES Are built up Around Vents Where lava or heated waters of the 

GEYSERS ISSUE, 

This maierLal b ilt!poaiti?d In layers. 



2. SINK-HOLE Depressions Are quite Common. Either at the vents of Gey¬ 
sers Where the Water Wells out or where gases escape from the 
heated Interior. 
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Plate 9 




2, A STREAM IN ICELAND. 

Note tho peculiar pinnacles due to erosion in the volcanic cock. 
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1. CANADIAN AND BRITISH TROOPS IN ICELAND. 



2. Canadian and British Troops in Iceland. 
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THE GENES AND THE HOPE OF MANKIND 


By Beuge Buten 
Editor, The New RepulUc 


Amazing strides have been made in recent yfars and ^ 

in relation to the most fascinating of all 
has to do with the origin and development of life 
recent achievements would have attracted far more ^ 

they have were it not that the world has been distracted ^th war 
and politics. Nevertheless it is quite possible that some of the work 
done^in the past few years may be remembered for many centun 
after the political and military leaders of today are g^e and for¬ 
gotten. In some of the great research laboratories of the United 
States I have recently had the privilege of seeing the eriraordmary 
achievements in this field that science is now accomplishing. 

It is hard to realize how rapidly progress has been made m rela¬ 
tion to this subject. It is only since the year 1901 that the Mendelian 
law has been rediscovered after having lain forgotten for more than 
35 years in a paper written by the fat Austrian monk. (It was 
ridiculed, when first published, by some of the leading scientists 
of the day.) It was more than a decade later before the extensive 
usefulness of the tiny banana fly in laboratory experiments was 
fully realized. Only in 1927 did science discover that bombarding 
the individual with X-rays or neutrons could produce a wide variety 
of mutations in the next generation, thus speeding up the evolution- 
ary process a hundred or a thousandfold* Not until 1934 did the 
scientists learn that the giant chromosomes found in the salivary 
glands of this banana fly (Drosophrla) could be studied under the 
microscope to great advantage. Finally, only within the la^ year 
or two have the scientists found out that remarkable things happen 
to plants when they are treated with the mireculous drug called 
colchicine, obtained from the roots of the bitter autumn crocus. 
As a result of all these things, the doors have swung open on a 


i Thts Is tbe tlxtli of a eerie* of articles imder the general title, '“Tbe Men Who Make 
the Future'* They are based on Interrlewi with anmerous leading American retearch 
experts who wera promtaed that they would not be Quoted by name. Beprinted ^ per¬ 
mission from The New Bepnbllc, voL 104 , No, 15 , April 14 , 1641 . 
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wonderland of new knowledge, although as yet we have only crossed 

the threshold. , ^ ,,_ 

If justice is done, there will some day be monuments all over the 

world to the banana fly. This tiny, light-colored insect h^ great 
advantages in the genetics laboratory. It thrive m captivity, pro¬ 
duces one generation in only 12 days, and each female may av 
several hundred young; thus 2 years of the banana fly are e^^ 
to 2,000 years of mankhid. Its unique giant salivary chroraoso 
gpem almost made to order for the research of tlie scientists. 

One of the first things to impress a layman about the new knowl¬ 
edge of the geneticists is the similarity of the life principle in plants 
and animals. In the great genetics laboratory of the Carnegie In¬ 
stitution at Cold Spring Harbor, Long Island, the other day I saw a 
chart of the genes and chromosomes of the jimsom weed, a favorite 
plant for colchicine experiments. Only across the hall was a similar 
Lrt for the banana fly. While there were of course differen^, 
the similarities were even more apparent. In both cases, the bvmg 
matter consists of cells. In both cases each of the^ cells contains 
a nucleus equipped with a definite number of chromosomes. In 
both cases these chromosomes are filled with genes. In toth cases, 
each gene or group of them supplies a definite characteristic to the 
living organism. It is not too much to say that from the stand¬ 
point of science plants are only stationary animals, or that animals 

are perambulating plants. ^ . ■ i. - 

In order to understand the startling new information which scienra 
has unearthed regarding all living things, with its searchmg impli¬ 
cations for our own social conduct, it is necessary to describe briefly 
the mechanism of birth and ^owth, as the scientists now understand 
it. For the sake of simplicity, I shall i^e the human body as my 
illustration, although the process is similar throughout all organic 
matter. 

The body consists of microscopically small cells, each containing 
in its nucleus 48 chromosomes that are very much smaller still. 
Twenty-four of these are contributed by the father and an equal 
number by the mother. (This rule holds good throughout the world 
of plants and animals, although the number of chromosomes differs 
with each species.) The microscopic chromosomes contain the genes 
and these have the clue to the very riddle of life itself. They are 
known to control the growth and development of so many character¬ 
istics that geneticists believe they probably dictate aU growth proc¬ 
esses. How many different genes there are in a human being no one 
knows; it is believed that DroBOfMla has about three thousand. 
Man probably possesses at least as many. 
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Under the iiiirni«copo the giant saUirery chiomo«*mes of 
vhUa (100 to ITO times hirger than those in other tissues) lottk some' 
ihat like tinT snakes with alternate transverse markings of light 
and dark. Ton must not think, however, that each dark ami is one 
Irene or even that Uic genes are cODcenlrate.1 in them. AU that the 
Lientists an* willing to sat IS that certnin genes are aeswiatod with 
certain dark ar^as and that the bands in some sensa mark the limita 
within which, certain genes are knoivn to lie. There are of course 
many genes in each part of eacii chromosonie. 

Thera is one imptirtant eswption to the rule that there are 48 
chromosomes in every human cell The nude sperm and ihe foma e 
ovum whiel* meet to start a new life have o^y 24 chromosomes eacln 
They meet and join at the moment of fertilization and the chromo* 
somea which appear in the cells of the offspring come from both 
parents. Tliia meeting of tlie chcomowimes and gems is not a 
matter of mere blind chance, Genes for the siinie charocterjgt.ic of 
the individual (color of hair or eyes, pigmentation, etc.) are located 
alwavs in the same chromosomes. (Any one character, such as eye 
color, is not, however, controlled only by genes from a singla chromo- 
Sf>me,) The gonea from both father and mother jointly dictate the 
charactnriatics Of the child. 

Vs science discovered more than a hundred years ago, there are 
dominant and recessive characters. When they meet, we now know, 
the dominant will win out, as the word itself suggests. In MendHl b 
famous exijeriment, he crossed a true-breeding form of red peas 
with white ones. Bed is dominant; white is receusiv*. In the next 
gcncrotion all tlie plants had red flowers, but they were carrying 
Urn white genes none the less. The self-fertilwcd grandchildren of 
these peas were SS-pereent pure red and 25'pen!eiit pure white. The 
ulliar 50 percent were rHiJ in color, but they, too, carried white genes, 
go that their descendants would not breed true ti> the dominant nerl. 

Sometimes chafacteristics are controlled according to whether 
the organbm possesses one gene of a certain type, or a pair of them. 
For example, there are two genes which, w'hen they appear in pairs, 
cause a man to sing bass and a woman to sing soprano. Two other 
genes, in paire, prodace tenors and altoa One gene from each pair, 
together catise baritones and mezzO'Bopmnos. As Ur. Uerluf 
Strandskov has pointed out, the children of a basso and a soprano 
can only sing bass or soprano; a tenor and an alto can have only 
children of those voices, A baritone and a mezzo-soprano is the 
only mating that can hope to produce a quartet 1^ 

How does a child grow from an almost invisible, microscopic fer¬ 
tilized Hgg into * 200-pound football player? He grows, and bo 
does OTCtythiog else in nature, by cell division. Did yon ever put 




206 AJiSUAL REPORT SMITHSOXIAN n^StlVnXlON, 1941 

A bubble pipe in sospsuilfl and blow until a niaaa of tiny bubbles fobb 
above the eupfaco of the water and almofit overflowed the basin f The 
analogy is inaccurate, but the mental picture jon will get is similar 
to what happens in the process of cell division. Dach of the 48 
chromosotiiofc in a cell dividifS by splitting leuj^thwise into two parts, 
which ecpaiate, iialf of them going to the right, so to speak, and 
the other half to the left. Then llie iiucleufl begins to narrow in 
tba middle, into a dumbbell sltape, with 40 chromosomefl in each end. 
The bar in tlio middle grows shut; the two ends break off, and wo 
have two cells each containing all the cbrnmueonica uf tlic original 
one. Tills procjcsa is repeated; the two cells become four, the four 
become eight, and so on, until their number rises intobillicmsT. 

The ahiMEit unbelievable work Ibat has recently been done is to 
iduntify the gene.s wliicli create certain dmmcteriaticH of tlie living 
creature. With enormous patience and countless hours of weary 
industry, the scientists have tracked down the characteristics 
associated with individual ^es. (This had been workwi out in 
theory some years before it was veiifled under the microscope 
through experiments in artificial mutatioin,) In the case of the 
jimson weed, for example, about five hundred new genes have been 
discovered, of which more than seventy have been located in par¬ 
ticular chromosomes. The scientist cun put his finger cm the 
chromofiome chart of the jlnuffin weed and can say: ‘^At this point 
are found the gene or genes that cause the plant to have a rough 
skin, or to carry tufts, or to bo an albino.** In tlie baiiuna fly, simi¬ 
larly, the scientists know where in the chromosome lie the genes 
associated with certain cIoJinitB ohanicUira such as tho color of the 
eye, the size of the wings, bands on tho abdomen, and so on. lilore 
tlran 500 genea in Dro^ophiia have been definitely located. 

A few years ago it was discovered that carcfuUy controUed bom- 
bailment with X-rays, neutrons, or otiier radiation would affect the 
genes. Sometimes they are altered or destroyed, som^imos tiio 
arrangement of the sections of the chromosomes is changed. In a 
state of naluro, once in many times the genes srs spontaneously 
changed by extreme heat or cold, by old age, or for otlter reasons. 
When the organism is subjected to X-rays, the praces:^ of ebon go is 
enomiDusly speeded up. Large numbers of mutatiGiis cati bo 
detected in the stiort spooe of two gonemiions, and the scientists are 
periiaps beginning to see the mechanism of evolution in ujioration 
before their very eyes, 

Tho a] most incredible fact b that the experts now- know in 
advance in a general way what wiH hapiien when Drosophila ia aiib- 
jected to a iniHiertttdy severe dose of X-ray. Perhaps half the flies 
will be killed. Among tlie survivoriB some will have descendants, 
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and among these descendants certain types of mutation will appear 
in definite percentages which the scientists can now predict in 
advance. They can tell you before the baby Drosiyphilae are bom 
(when they are considered in sufiicient quantities) about how many 
will have dwarfed wings, or white eyes resulting from lack of 
pigmentation, or other abnormalities. If mankind has ever come 
any nearer than this to usurping the privileges of the Deity, I do not 
know where. 

These changes in characteristics which the scientists create in the 
laboratory will breed true for all time in the future unless affected 
by additional mutation later on. Ten thousand years from now, if 
these DrosophUae were to continue having descendants that long, 
their remote offspring would still have white eyes or dwarf wings, 
because the genes creating the normal characteristics, colored eyes, or 
large wings, are lacking or altered. To illustrate this with a more 
familiar laboratory animal: you could cut off the tails of 1,000 gen¬ 
erations of mice and the one-thousand-and-first would have tails as 
long as those of the original ancestors. But destroy the chief long- 
tail-producing genes in a single pair of mice, and their descendants, 
if inbred and selected for taillessness imtil they are pure for this 
characteristic, will be tailless forever more. 

The action of the genes must certainly be one of the most interest¬ 
ing mechanisms in the realm of nature. It is hard to believe, yet it 
is increasingly being proved, that almost every hereditary char¬ 
acteristic of the individual is to be found packed away in these 
microscopic particles. The genes, acting together, seem literally to 
plan the growing organism. Science does not yet know just how 
this is done, or the relation among the genes, the mysterious and 
miraculous glands of internal secretion, and the tissues. It is 
assumed that the genes control the shape that growth takes from 
the beginning of the new life. There are embryonic tissues, called 
by the geneticists “organizers,” which evoke specific growth-reactions 
in other embryonic tissues. In the human being each of the glands 
of internal secretion—the pituitary, the thyroids, parathyroids, 
pancreas, adrenals, and gonads—secretes one or more hormones which, 
X>oured into the blood stream, keep the body functioning. Most of 
them, indeed, are vitally necessary for the maintenance of life itself. 

It staggers the imagination to think of the genes at work 
through the months and years creating every organ of the complex 
electrochemical-physical machine for living that is the body. Either 
directly, or indirectly through the endocrine glands, they bring each 
of the organs to full usefulness at the proper time and in co-ordina¬ 
tion with each other. Then think of the hundreds of thousands of 
species of animals and plants, in each of which the genes follow the 
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pit>per and unique pattern of tho species, nnd you begin t<) liave 
some idea of tlie wonders of this imiveise. 

When you lift your arm or bend your finger the process ie an 
eloctrochcWcal one. The nerro invpultw from tho brain sets up at 
the prt)|H*r places in the muscles an electricaliy induced chemictii 
alteration. It is poKsihJa that the genes do iheir work in the same 
way I w’s do not know, 

Xothing is DQor^ my^ste'j’jous in this whole cniiiplei story than that 
the genesj and the and glanda which they help to bniUi up, ficcm 

to work on an elabonite and intricate Uma schedule. In human 
beinga, for feaample^ there am clmmcteristics that do not dot-elop 
until many years havi^ passed* There appoar to bo l^enca, fr<im 

tho individuars point of riew^ which lurk unsiiBpwled for half a cen¬ 
tury and then cause a man to become bald in just the way bis father 
did. Others eeomingly wait for decades to preduco iicreditary blind- 
nesa Of insanity. A marvelous mpchanism is that operated by tlie 
gonads which brings about tlie characteristics nf adolescence at 13 or 
14, produces hair on the face of the uiale (in certain races) at IB nr 10, 
and either creates the changes of the mcnopatise in the forties and 
fifties or, by ceimmg to functinnT permits them. Hiere are eren pre- 
emnahly old-oge genef which dcterraine, before you are Ijorn, how 
long you will live^if you don’t terniinale your life prematurely with 
whiBkey, a buJletp or a speeding automobile. For longevity, as every¬ 
one knows, **run3 in families,’^ and whatever rims in families, if 
actually inherited j is conirolkd by the genes. That is to say, the 
tissues and organa of tho individual Imve a gene-dotermined life cycle 
that will bo carried out if other factors do not inter^-eno. 

The miracle of tlie ^imo-clock genes” is cJcarly shown in the CJiee 
of identical twins—twins which arise from a single fertUizoil egg 
which for some reiison divided early in embryonic life to produce two 
human beings with, so far as science know-Sj the some genes and 
chromosomes. Tdcutical twhis develop tlie some physical character¬ 
istics, throughout life, at almost ejractly the same time. Tliia prin¬ 
ciple holds even if three, foijr^ or fivu children have developed from 
a single egg* This is the ease with the Dionne quintupkt.s, who have 
ihe some gEries. 

Let mo omphasiw again that it is wrong to think of a single geuft 
os perform big a specified function unaided. It is now believciS that 
every gene influences every other, just as nil the genes occur in every 
chroiuDsome and tlicra are 43 chromosomes in every cell of tli« iKidy 
escept the sperm and ovum from which the new life will be created. 
There arc eye geuE^ in your toe, and toe genes in ymir eye. Science 
now know^l tliat there arc certain groups of genes which arc inherited 
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togctlier. Often auch genes appear to have no lofficHl relation to one 
aiiotlier, at least in the present state of our anderstanding. Tn soma 
families of linaian beings, for example, a giren color of hair is aso- 
ciatad with the lack of oiia or more of the inciaor teeth. By studying 
family Btraina it is possible to preilict that a child born to certain 
parents, and having hair of a giren color, will possess only sis or 
seven inctaore instead of eight. 

This innoccnt-aonntling fact is likely to pr£}va of the very highest 
practical value to tlio future of the huiuaii race. Many ilif*a«ea are 
not predominajitly hereditary, but others are, and often yoU can inherit 
a predisposition. Among the hereditary ones are sonio Lliat are par- 
tic ularlv terrible in their effcctSi which nevertheless do not nianifeet 
themselves until middle life, after tlie victim has unwittingly married 
and had chiUi'cn to whom he can pass on his taint. An example of 
sucli a disease is HuntingtonV diorea, which does not ap[>ear until 
the individual is 36 or 40 years of age. PreviuUHly he may have been a 
fine phvidcal and mental Epeuinion. Wlvcn Huntington’s chorea strikes, 
be goes to pieces mentally and physically; his uiuscles fail; he sinks 
iuto hopeless insanity which usually terminates, after a few years, 
in death. 

Medical scienca knows no way to euro this terrible malady; but 
the knowledge that is coming out of the lalioratory gives ua the 
hope of a means by which we could stamp it out in only a few gen¬ 
erations. If linked genes could be discovered that are inherited to¬ 
gether and transmitted with the diwaiw, latent HuntLogton’s chorea 
could bo identilird far in advance through other seemingly harm¬ 
less and unrelated characteristics, l^o civilized person would marry 
and hflVD children if ho knew' that such a fate overhung him and 
them. The time may not bo far distant when, thanka to the ad¬ 
vance of science, society can say to such au individual long before 
he reaches the age for fatherhood that it ia forbidden to him. Other 
dread diifenrea, believed to lie hereditary, for which there is now 
simi lar hopo are muscular atrophy, which brings deatli uL about the 
age of 30, and hereditary blLnduess, which may also begin in the 
late teens. 

Opinion is divided among the experts as to whether it ia poijaihle 
to inberit n predisposition toward diabetes or whether its seeming 
to “nin in familiiss’’ is due to quite different causes. 1711(1 tever 
the scientiSc explanation, it is desinible that one who may develop 
diabetes should be forewarned and should take the necessary steps 
to safeguai-d himself by following a hygienic nmtine of living. 
Science is now prepared, by the study of family histories, to give 
wamings of tliia sort. 
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These new secrets of the laboratory have resulted in greatly alter¬ 
ing our concepts of many aspects of our individual and communal 
life. Here are a few: 

1, Geneticists are no longer interested in the old debate as to 
whether environment is more important than heredity. From their 
point of view, both are of tremendous significance. What the or¬ 
ganism inherits is not so much characteristics as the tendency to 
produce these characteristics provided the environment is favorable 
a profound new discovery which, if it could be grasped by political 
leaders in all its implications, might well make over our society- 
For example, there is a species of rabbit whose hair is mostly white; 
but if exposed long enough to low temperature, black hair grows 
out. Pink-flowered hydrangeas can be changed to blue by adding 
iron salts to the soil. Tall com planted too close together will 
grow only a quarter of its normal size. Xet the offspring of these 
rabbits, hydrangeas, and corn, in a normal environment, will again 
have white fur, pink flowers, and tall stalks. When the hereditary 
influences are strong, those of environment are correspondingly weak, 
and vice versa. 

These changes, however, could not have taken place unless the or¬ 
ganisms carried the special genes that make them possible. Not 
all rabbits have fur that changes color; there are “Tom Thumb” 
breeds of com that never grow tall no matter how widely the hills 
are spaced; some flowers remain the same color when fed iron salts. 
In other words, environment can change you, but only on a basis 
of what you originally possess—or lack. It is like the developing 
chemical in the photographer’s dark room; it creates nothing, but 
it can bring out what is on the plate. The tragedy of life is that 
we so often discard the plate without ever finding the perhaps rich 
and beautiful picture concealed on it, 

2. For practical purposes, at least, we may assume that almost 
nothing in our biological heritage is transmitted from one generation 
to the next except what is passed on in the genes. This does away at 
one stroke with a multitude of conceptions of the popular mind- It 
is nonsense to suppose, for example, that because a mother before the 
birth of her child receives a fright or sees a snake, the child will be 
“marked,” any more than he will be musical or artistic if she goes to 
concerts and galleries. 

There is a popular theory that whole families can be subjected 
to continuous decay and degeneration. This might be true imder 
very special circumstances, if, for instance, all the good men in a 
community had been killed off in war, or in the case of isolated 
groups where inbreeding would serve to reinforce undesirable strains 
instead of desirable ones. The chances are, however, that when a 
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fataily seems to go rapidly downhill from generation to generation, 
it is only partly because of bad heredity- The rest of the story is 
enyironment—poverty, ignorance, and imitation of their eldeJ3 driv¬ 
ing down one crop of children after another- 

Science nowadays looks with deep suspicion on conclusions drawn 
from the famous ‘^degenerate families^’ such as the Jukes and the 
Kallikaks, with which sociologists regaled us a generation ago* No 
doubt there were some “morbid” genes among the raeml^rs of 
these families; but the sociologists made a bad mistake in attributing 
the whole evil record to the genes alone and ignoring environmental 
factors. What chance would even a normal child have had, brought 
up in a household composed largely of dnmkards, thieves, and pros¬ 
titutes? His family record would be enough to turn the community 
against him from the start. The geneticists of today try to balance 
the evils transmitted by the genes against those caused by imperfect 
surroundings- 

4* Alcoholism, as such, probably cannot be transmitted from par¬ 
ent to child, though an unstable neural system, predisposing to dip¬ 
somania, may be. When the son of a drunkard takes to drink, it is 
possible that his genes are involved; but it is also possible and even 
probable, that it is by imitation or in response to a bad environment 
in which the father’s alcoholism played a part- Roughly the same 
is true of other human weaknesses-^rug addiction, sexual promis¬ 
cuity, improvidence, love of gambling, habitual lying, 

5- The common belief that the mother’s blood circulates through 
the body of the child before birth is now known to be false. The 
two blood streams are separated by the placenta, through which 
nourishment passes by osmosis, which is roughly the way that blot¬ 
ting paper picks up moisture* Mr, Justice Holmes in a famous 
decision once held that an unborn child is *‘a part of the mother’s 
bowels”; but science has overruled the great Justice* The number 
of abnormal conditions the mother can transmit to the unborn child 
is much smaller than is commonly supposed- She can infect her 
baby with syphilis, but this is not a hereditary form, and responds 
to treatment- She cannot transmit gonorrhea, although she can 
infect the child during birth itself* Until a few years ago, thou¬ 
sands of children all over the world became blind at birth because 
of venereal infection transmitted in this way* There are a few 
drugs which manage to find their way through the placenta, and it 
is believed, for example, without much reliable evidence, that an 
unborn child may become a cocaine addict. Certainly the child’s 
genes can be injured before birth by lead poisoning- But such path¬ 
ological conditions, at least as between mother and child, are not 
hereditary and can he treated just as postnatal infections are. 
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A« scifiJitifiC; knDwkdffe improvKK, wt? kemi more and moKs about 
inhmttd susceptibilUyi or pi?edtspo3itioni toward ctirtain diseases^ 
ftB well s« reHistanci^ or OTcn immnniti^. We karu tliat somu types 
of forinorly supiKitseii to be hereditary are only partially or 

not at all in tliia eategory, wMIe in other cjiseji mberited character- 
ktica are found to predispose an iiidividual toward a given disease. 
Among tlinsfs in wbidi inheritance is a definite factor aro rheumatic 
ferars in childhood t a few rare lypts of eancer^ color-bliTnlness., a 
number of dieorikrH of the eye, baldnessj and albinisni.. Certain 
sorts of fceble-mindedness are hereditary. The geneticists ara in- 
cr&aeingly reluctant to draw a hard and fnst line t^eLween ett'riron- 
mental and hereditary factors; yet in regard to 10 of the W most 
aerlons diseases, environment on the whole seenis mura Important 
than heredity* 

Thciie recent scientific revclatioris have encrinously altered our 
conception of eugcnka. We iindenriLanid now for the first time how 
mutations occur, through destruction or alteration of the gonca. 
From thu individuaFa point of view, there are good and bad genes, 
but the gfw>d ones enormously outnumber the bad* Since nearly all 
changes in the genes are destnictive, and ooriHiKt in taking someithing 
away, under the law of averages most mutations are undesirable. 
They produce an organism limited in Boma nispects, in comparison 
with its piuent, and tJiercfore prolmbly fiomew'hat less fitted to cope 
with its environment. 

In a state of nature^ this does not matter greatly, for it is offset 
by natural selection—the siirriral of the littE^sL Mutations that are 
diaiidvinrkiageous tend to die out; good ones help the orgamBm to sur* 
rive and to transmit its desirabln “aympliony of genei?” to the ncict 
generation. But nnlortunately civil Nation as it has eitisted for the 
post few centuries tends to reverse this process. We are moving in 
Lhe dlrtHi^Lifin of kt^ping everyone alive, the unfit a^ well as the fit, 
end permitting nearly all of them to transmit their genes to their 
children. Many of th^^ Icadirsg ganeLici^ta of tlio world believe that 
this process, continued long enough, would so reinforce the morbid 
genes m to bring about the degeneration of the race. 

To say this is not, however, to accept the theories of those who are 
demanding wholesale oompulsoiy sterilization of the unfit. The 
gen&ticists realize better than the aniatcnr enlhnslasta wliat an 
cnoruianaly difficidt and complicated subject tliis is. They advocate 
sterilization in certain definite cases of proved hereditary ft'chle- 
imndednc^ and insanity, partly to put an end to bad genes and partly 
because people of low or unstable intelligence bring up their chiiflren 
badly» In other caaes of undeair able heredity, the cjsperts rceom* 
mend voluntary abstention from parenthood. 
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Amazing things have beaa done in only a few generations to per¬ 
fect plants and animals^ and impatienL persona often ask why tlia 
tdime should not be pqj^aibJe for mankmd. It ia a legitlniato ques* 
tion and the assumed answer hoi da iin exciting promise for the 
future. There is little doubt that if genetic principles could bo ap¬ 
plied to humanity^ the average of our population eould bo brought 
up to the level of our best examples within a few g^erations. If 
you want a slogan, here it is: ^'Every man a genius by the year 
2141.^ 

The diificulty is that somebody would bava to decide what are the 
desirable traita, niter we had agreed that hereditary feeble-minded- 
nesa and insanity are undoubted hajidicapa, Hia judgments would 
bo subject!voj and that ia where the trouble comes in. Wlio m to ac¬ 
cept the fearful responsibility uf saying what are good traits for a 
future stKUety, and what are bad ones? For that matterj wlm U to 
aay what the future society will be likef Will you fissume a con¬ 
tinuance of oiir present social orgonissatiou^ which to require 

large numbers of uot-too-bright toilers and soldiers? Or will you 
on visage an ideal state of universal peace sud nil the lienvy work 
done by machines i 

TJte overwhelming obstacle is that moat biimau beings totlny live in 
cnvironmenla an unaatiiifactory that we cannot tell what their gonetic 
possibilities are. We know by acientific researcli that tliere are 
thouannde of genius in thia country alone who re main swamped by 
poToirty and ignorance and never get a chance to demonatrate their 
abiliriea. Before. w« can live up to the prannsfi of our genetic future^ 
we must remove the shackles which prevent full development of our 
present capabilitim Otherwise, the effnrt at imprfjveuiwrit is like 
trymg to carve a statue in the dark. 

The genelicisiB, on a haste of solid Esdence, hold forth a gloricutB 
picture of the future of mmkmd. They teU ua that by improving 
OEir aovirormiciiL and our heredity fdmultaneousiy wo call in a few 
generations abolish nearly all human afflictions. It is sober truth to 
^y that it lli^ within our power to create a race of siq^erbeiugs, liv¬ 
ing in Utopia, and to do bo in perhaps Che length of time that has 
alapsed since George Wosliington wois beni- No more exciting pros¬ 
pect was ever offered mankind. 
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The purpcjMe of thk article ie not to etiniukte die keeping of 
anlmala in cftptiTitjj but rather to make roore tolerable andf if 
possible^ more happy the liTCS of those that are inavkably to be kept 
In captivity* Most pets am kept beeansa the captor h fond of them. 
Yet in alLogadier too many instances the animab are not properly 
cared for* The result is often sufferings iU health, or death due 
largely to lack of knowledge on the part of the captor, who would 
gladly provide his pet all it needed if be but knew how^ 

Anyone not sufficiently fond of and interested in anvnmla to be 
willing to provide the proper quarters for pets and thereafter give 
them prc:>per and regular cate should not attempt to keep them- 

^ AnlauiTi or mnny islmi* Urnm mt ftl t>«ii iBWsfiMfiilly tirrt Id «ptlTltr. or If t^r 
tieen ECt tha fact La Dfit fieDfinllr Theretflrfl fDfprmflUCin iiU* AfAllAbIt 

ihout tT» iHfl wmr* of fc«plBS nmnr htncli 1 m v-pry Incomplelfi. tt IJ hoped 

that nnilcn tliEs whd Imit^ bAd f>ipArlADf» Id thb lr*«p]p£ of UlLinillv wbow 

In uptlrity Am UttlB luibWii^ WlU cbfdDiDDlcitt with tht author ic ofib^T Ihflt lh« hrn^t Df 
tkek f-xpurllDCf mi J ba to lUi nmnls and ID tw buid^ aTillAblD for olliArf who in 

lAlt!rr*tn1 la ilifl mbjr^ 

ArVfid.HrliKl|fgiaiit u cnodl tO tbi followlnf pcrffiOB for iifeiilitn lod advicl 

In thv pn-purmlioii or llils piper t Dr. OHur H. Anthnny^ TAlarLalHia, National Zooloflcil 
F^rks Hr* VrrEiQii Bailey^ chlof lltld ajLionJUt* Ur Sr UEoloctnl SumT Iddw thn 

Ftsh 101 ! Wilds Lfi 3«rvl»| : Dr, DorEt Cochraiu aadatoHt rDr&tor Piviiinn ol tii^riwtniogy^ 
U, S, NatioiMi.1 SIpscuDf, for riatulnalkan and fliDAldcrahlc woth an ibi npuli ind tniphlh- 
!■□ iHlIuni; Mr^ Mali^liD DaVil^ priDGlpiJ kMPflrp HiOomI iSlfk; Dr FE^rbL'Et 

FrlAiliDaDD, atiriioy Of bLrdir U, i, Natlmal HaBcuin, for c9t,RmlbaEJDn of tbo bird vectlQO ; 
Mr. John K. ITanilGf, of tlw 0. a. aad WlldJlIo earrLcc : Mr. Boy !1. Jannlir, prlPGlpoi 
ktvpcr Natlcinal Park, wbb bu liven coaiidfrattoq to the reptile md ompinbioii 

nKtLQDd] Ur DAvtil JohniOD IDd Rcmlnilon Kellr^ of tb» Dlvljapn Of ktiKitPali, 
V* B. Nttlonal MoHPtn. for oxanilrfiUoD of the BODimal u^un; Mr. C^arlea EL 
Btetlba of Par Riaopmw, 0. a. tiah md WUdUfi Sfrvievt Dr. I. E. Stallllniur, mctlOD of 
Wild AnlBiai DlAiVLp^ Stadki Of tPo lAiof a^rlre l iod nura^mm oliim who bav^ at varfaui 
lltneB ■□ppSild iQiB WtLh Jnforpi-Etlon whli^h L| Incorpahltiffd hfer&iti. Stich n WDrk ah thli la 
tuKAUddlf ■ cuippoilto at inftirmailQD obtUned from lannniinihle louroeo, ill DC which 
eiDDOt ba lEKeiacalEF credni?d. 

Mr Corrliit hlUlAr^ jr.p lUEKtitl So bLoSojiyk Uf Nafional UiiacntR, hni palmrialiliiiElj 
gftm OTi^r the aatlro muwrlbt lo nview ir from both bleloglCBl ind hlltomi aalnti of 
liew. 
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Whcrx mHn tako3 wild animals into captivity and endeavors to 
maintain tlicm, U aeta up i»r Iiimsclf a definite obliu^^tion to fnmish 
them with the comforts and nccessiiliM to whidi they ore accustomed 

in their native state. . • ^ t *i ^ 

l*hebasis of the entire problem is to vieuf the sidiject from the et^d 

point of the animal and its requirements. Exi«rience ^ 

handling one animal is often of great value in tlio handling of related 
kinds,tins is not >m infoUible guide, os f^^uently related forms 
will iiave different feeding habits ond requirements. 

Within the scope of aueh a brief work as this, it is not possible 
to traat m detail eiadi kind of animal; the most that can ho 
la to pobt out a few of the basic principles that mny p-ereUy bo 
apnliijtl, and to cite additiuiial aourcre of information where f'lrtbtr 
details regarding certein groups may bo obiain^.- Perha^ it 
also enconragp tboae who keep Ure amniiiJs to vmw the subject from 
the broadest possible standpoint, so that they may obtem new informa¬ 
tion regarding Uia care and requirements of tlieir captives. 

Fairly satisfajctory information can frequently be obtained by cor¬ 
respondent or personal inquiry from weU-inforraed aourcee, such aa 
lh« pereonnel of aooa, mnseums, biology depiirtmcnta of miiTc^tns 
and high schooln, State and governmental agencies, and local nuturoi- 

work of agencies for the prevention of cruelty iu animals is 
to be commended, and well-nin zoos and parks cooperate with thcnL 
Altogether too often oiumols are kept a.^ exhibits merely to attract 
attention to a business enterprise, and the captor has no real fondue^ 
for the animal, knowkilge of its requirwnenta, or interest in its wcl^ 

fare, 

Unhapjiy, sick, or diseased animals are not pleasing pets or attrac¬ 
tive for exhibition. Therefore, any effort on the part of the captor 
that will keep the animala bappy, contented, and in good health, u 
well justified. The more one knows of the conditions under which 
the animal lives m tlui wild, Lha better able be will be to plan for its 
wfllfiire- _ _ 

It is somfllimea said that (ssrLain fiJiiKials catinol be kept in captivity. 
A better way of stating the fact would be that wc do not yet know 
enough about the rcquirenmnUi of oertoin animals to be able to keep 
them successfully. Often certain pcopls have excellent hucocbs not 
only in keeping but in breeding animals that othera havo said could 
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not be kept in captivity. The sooner we admit that we really kn^ 
very little about the lives and requirements of wild animals, the 
sooner wo will be in a fmTnF of mind to learn more about the subject, 
with currcapondin^jly incrctiscd success in IsecpLng them. 

The obficrtfing, thoughtful person can amplify the sketchy outlme 
given herein and find many more foods, methods, and materials use* 
fill in keeping animals. He will realize that the animals in ^y re¬ 
gion cat only tlie plant, animal, or mineral pniduds in their own 
generally restricted ningea. This will suggest many local products 
tliat lire I(Xh15< 

Adoption of the rule that “the animal is always right” will go far 
toward aiuiKithing the road for both the pet and the owner. We are 
fond of animals because they are animals 5 therefore they should be 
allowed to live the lives of animals rather than forced to ape our 
lives, actions, and methods. 

REKERAL GARB 

In providing for animals, it is important that we give connldtra- 
tion to tlio range of umiwraturo under which they normally live, 
whether their home elimate is dry or humid, what kind of foml tliey 
cat, and whether or not they vary their food from season to season 
as many animnla do. Wo should al«o provide the proper type of 
shelter or nest, meet their requirements os to drinking water, tem¬ 
perature of water, and know whether or not they need to swim or to 
wallow in dust or mud. These are major necessities j bat there are 
many other important details in the life of every captive animal tliat 
must be heeded if they are to be successfully kept. 

Before obtaining animals,* persons Hhould endeavor to afscertain 
the proper core for them and be prepared to render such euro upon 
the uni mars arrival. If specimens are obtained from dealers or 
others who have had them in captivity, it is frequently possible to 
obtain fairly satisfactoty informutiou as to their care. In some 
instances irresponsible or poorly informed dealers will give erroneous 
or incomplete instructiouE. An esample of this is the advice given 
by circus vendors to feed anolia, which they sell under the name of 
chameleons, sweetened water. The animala soon die on this diet 
They eat live insects, and will thrive on flies. 

Obviously man cannot provide animals with oiactly the same con¬ 
ditions they would enjoy in the wild. It is therefore of great im¬ 
portance that he give very careful heed to providing the substitutes 

^ DEldcn. WTjntiTi *11^ Prorlnw Ti*i rewtrlctlisBJ on Iho upturtr P0«- 
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that most closely approximate tlie conditiona and foods they would 
obtain in their natural state, and that he give the animals a sufficient 
variety so that they may select those that are best adapted and 
tliereby show the captor the foods and conditicBis praferrrd. 

Kewly acquired animals aro usually much worried, fretted, ^ 
tired from a trip, and often have not had water or prol«r food 
en route. The first step in their care is, liicreioret to provide tham 
Tfith clean, fairly roomy quartera, proper fo^, v/ater for firming 
and bathing, and fine sand or dust for denning themselves, if they 
use that melhoJ. Birds that require grit havo usually not rMeiycd 
it on their trip. A amall amount should given immediately. 
They will take too much if given a large quantity. 

Let them bo quiet and undisturhed so they may rest. If they are 
just received from the wild and arc to be placed in a collection with, 
or in close proximity to, other animals, it is an ascdlcnt plan to 
exarcise acme quarantine precautions, such as maintaining them in 
quorters well isolated from the main collection, and, at Uic same 
time, treating them with insect jKiwdcrs and sulfur to remove m- 
tcrnal parasites, doctoring serious injuries, and taking any other 
safety mcaswras that may appear necessary. Some animal custodiai« 
also follow the proctice of giving some medical treatment to dUni- 
nate internal paro-sites, or to at least muke observatioUH of feces to 
determine whether or not soch pacasiteB do exist. 

The shipping crates or cages in which the animals are received 
should be burned or cleaned and sterilized thoroughly to prevent 
introduction of parasites or disease. 

Too often animala are displayed in the hot sun withmit an oppor* 
tunity to get into the sliade, often without water, and in other 
instances they a re exposed to bleak winils without shelter, and with¬ 
out straw, leaves, or bedding to insulate themselves from cement, 
iron, or board floors. Such treatment is inhumane, to ^y the Icaat. 

Almost all animals have some aort of a home in the wild. In 
some irtctnnwa it is a burrow deep enough so that there is almost 
no change in temperature in it throughout the year. In others, it 
is a nest made of fibroua material that ia good insulalion from 
changes m temperature. Wild animals are free to move about and 
choose for themselves the locations and conditions most to their 
liking. This is not possible for captives, so it behooves the captor 
to heed their needs closely, for they cannot talk our language to tell 
tis of their wishes and stiff cr injEts. 

Sunlight is essential to Uie welfare of many nnimala, but like other 
good things, it can be overdone. It ie important that cages be placed 
so that the animals can choose whether to be in the sun or in the 
shade. Even a comparatively short period in the direct rays of the 
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sun is often fatal to snakea and lizards that are inhabilants of 
desert regions and are supposed to enjoy the suii- They repJlarJy 
seek the shade during the hot portion of the ilav in hot -weather j or 
they burrow in the sand or under stones to get out of the intense 
heat. Small den houses become unbearably hot when in the sun. 
Shade should be provided for auch enclosures in hot weather. 

Animals that particularly requiro sunshine frequoitly develop ill 
health and become unsightly because they do not get enough sunlight 
or ultraviolet rays. This can frequently be remedied by installing 
ultraviolet lamps at the cages so that the animab can go into tho 
rays to such estent as they wish. Such rays can bo harmful if the 
aniniBl is subjected to them too much* 

Sunlight is not essentiiil OT desirable for c^^rtain ammak, 
for, being nocturnal, many of them never see tbe aun, not coming out 
into the open until the aun is set, and going to bed before tlw sun 
rises. OLiiera live Biibtemuiean lives entirely away from the sun¬ 
light. Presumahly auch creatures obtain, through their food, the 
mntenala that arc manufactured by other aiiiirmla in sunlight. 

Dc-vdopmenta in air conditiouing, refrigeration, and special types 
of lighting now make it fairly easy to provide physical surroundings 
that closely npprorimate those of the climate in which animab would 
nortnally live. The big problem is to fumiah suitablo substitute 
foods. Tti the wild, some of the animals are -what ire term “speci¬ 
alized feeders,” that is, they cat but very few kinds of food. At firet 
thought such foods may not appear to furnish well-balaiioed diefe 
However, careful consideration will disclose tha fact that their 
limited diet does provide a well-balanced ration for them, h’ceding 
these snimala is sometimes the most difiUcult of all problems, and at 
other times it is very ample, depending on whether or not we are 
able to furnish palatable substitute foods that contain tho necessary 
constituents. Otlier animals take a wide variety of fo^ in the wild, 
a nibble of this and a nibble of that, obviously adectmg things that 
arts palatable to them and that contain the constituente tiecessary for 
their well-being. Careful study of the feeding habits of Guch animals 
in tho wild disdosca a surprising variety of food consumed. Some¬ 
times they may eat a limited variety for a short period, hut with 
the changes of the season, the diets may be radically changed. In 
some instances, such changes appear to be necessaty for pbj'sical de¬ 
velopment and growth. For example, many young birds, such os 
finches and others, are fed insects by their parents, whereas the adults 
eat mainly seeds for most of tJie year, and inswta for only a short 
season. In others, the changes appear to mdiente a wide food toler¬ 
ance that permits the animal to stirviva under seasonal conditions that 
VQiy greatly from one time of tho year to another. 
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The f^xniniTintinn of stomach contents of wild Hnimals, which hag 
been carried oa so citensiifftly hy the TJnited States Biological 
Survey * over ^ long: period, hii£ been of gniat vtUue in wbat 

North Amerirati imimals eat. Tim studies earned on in this maimer 
am valuahifl os guides in the keeping of captive animals.^ 

One of the most common errors in the feeding of carnivorouB sni- 
nuOs is to give them only choice red meat, on the assnmpUon that 
carnivores limit themHelvea strictly to such food. On the contrary, 
in many cases when camivoroua animals make a kill, they eat tho 
viscera of the prey or drink its hlood or eat its brains before they 
will oat any of tho rod meat. Recent studies in vitamins reveal that 
tho viscera of animals ar« rich in several vitamins; liver is esparially 
rich, OH are oi her glands of tiro body. Furtlionnoro, it is probable 
that the digestive fluids in the Btomneh and intestines, which are 
regularly consumed by the carnivores, are really needed by these 
animals. The fur or feathers and skin of the victiins are rft^larly 
consumed, and arc obviously needed as roughnge and bulk if they 
serve no other purpose. Tho bones of Ihe victims are rellHlved in 
many inetances and are vain able as a source of minerals such as 
calcium and phoaphortis; also, red bone marrow is a valuable fowL 
Furthermore, the chewing of bones Htimnlates the flow of digestive 
fluids and strengthens the teeth and jaws. 

Almoeit all carnivores will occarionaDj take plant foods to some 
extant, as witness tlie cat that will frequently chew ginss, apparently 
taking it fis a medicine or for the vitamitia. Dogs do likewise. Bears, 
other than polam, eat mainly plant products. 

Overfeeding is a frequent cause of animals becoming sluggiuli or 
excessively fat, and even dying. Care should lie taken to give an 
animal only as much ae it will dean up fairly promptly at its usual 
time to cot Surjjlua food that remains in the cage id likely to apoU 
and poison the animal, and also to attract ants, flies, cockroaches, 
and other pests. 

Nocturnal anitnals will iiot, of course, ordinarily take food that 
IS given to them in the daytime. Their failuro to take it promptly 
should not he construed as indicating (hat they are not hungry. 
They should bo fed in the evening. 

Fur fariiw are probably the mc^ outstanding examples of progress 
in the care and keeping of wild animals in captivity, for if a fur 
farm is to proht, it must not only be able to keep its animals alive, but it 
must bo able to induce them to reproduce prolifieally and to be in such 
«ce1!ent health that their fur is of superior quality. Furthermore, 
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these foiitlidons must be produced ».t a minimiim <d cost. The many 
fur farms In tlie northern United Stateis, iu Canada and Alaafea. ns 
well an elsewhere in the world, carry on a. Tariety of research work 
looking toward more suciasafnl fur farming. Veterinarians have 
been employed who are not merely auiniol doctors and ^geonst but 
who carry on active research in well-equipped laboratorira and motn 
many painstaking and accurate observatioiiB. Esperimental fur 
farms of governmental ngendea, such os that operated by the former 
Biobigical Survey and now carried on by the Fish and Wildlife 
Service at Saratoga Springs, N. Y.; their rebhll eipcriment aUdon 
at Fontana, Calif., ilie Canodian fo^ iLvperimental station at Sum- 
meiside, Prince Edward Island, and others are at work on these 
problems. As a result of Uiese etudlnw by individuals, companies, and 
govern mental agencies, a wonderful fund of in formation alwut the 
rare of fur*bearing uiiimals has been developed. Some of this ia avnil- 
oble in Govei-nment or other publications that are cited in the bibliogra¬ 
phy at the end of this paper. Naturally most of the infonoation 
developed relates to the raising of foies, minks, muskrats, rabbits, 
chinchillas, coyptis, and a few oilier animals, as theHO are the 
fur bearers tliat are commonly raised. However, the researches and 
fipcriments have oo clearly demonstrated the need of many animals 
for vitamins, certain foods, and certain types of treatment and care, 
tliut the basic principles can well be applied to a much wider variety 
of animals and to man. Raaearch laboratories that have carried on 
experimental work with mice, rats, rnbblta, guinea pigs, monkeys, and 
other animals for the purpose of developing information relative to 
medicines, vaccines, serums, foods and fo^ deficiencies, and for other 
purposes, liave likewise made outstanding contributiona. These were, 
of course, mainly designed to advance the cause of human medicine, 
but their findings should be freely used by persona interestod in 
keeping animals in captivity in the best pojpible condition. 

Various studies have been made to determine tbe chemical constitu¬ 
ents necessary for proper diet for animala. Thse have been carried 
on in various ways and much valuable information boa been devel¬ 
oped. Among the lAudies is the work of Dr. C. P. Richter, of the 
Psychobiological Laboratory, Jctlinu Hopkins Hospital, who over 
H long period of yeare bos carried on studlaH, principally with rats, 
in which he has clearly demonstrated the importanca of furnishing 
untiiiala with the proper amount of the various food constituents 
needed by them. He has carried on long feeding experiments witli 
a great numhftr of rats fed on diets oompfjsed entirely of solutioiu 
of starch, proteinH, salts, and other ingredients. On these the ani¬ 
mals thrived, remained active and in good heiiUh, awl developed 
good coats. He found that by removing certain of these foods, be 
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rould induce the evidencew of ill health that frequently can be I’ecog- 
nked in captive animals These eiperiments obviously ahowed that 
some captive animala do nui receivo all of the food constituents 
needed by them. In some of his eiEWfiiaents, he siippli^ the rata 
with what would normally be considered good varied diets, but he 
also offered tliem the fceat-iubc foods eo tlmt they could choose from 
them any ingredient that tliey might feel they needed. He found 
that they would frequently take certain test-tube food, thenslty d^- 
onst rati tig that the supposedly good general diet they were receiving 
was deficient in certain conatituents necessary for their welfare, and 
realizing this lack, tlicy made it up by taking the relatively unpalata¬ 
ble test-tube mater! ah 

An emmple of deliciency duo to an inadequate diet, and wlmt con 
be accomplished by supplying a suitable diet, is the case of a wood¬ 
chuck that WHB in the iltttional Zoological Park. It beenme almost 
completely naked, and remained ao over a period of 2 or 3 years. It 
was fed by Dr. Kichter on his chemically complete diet, and at the 
end of 4 months was returmHl to Ihe Zoo -with as good a coat of fur 
as a wild mamiot would ordinarily have. This snunal, together with 
others of iia kind in the National Zoological Park, had been feti with 
what was supposedly a varied, well-balanced diet, but obviously some¬ 
thing WHS lacking which prevented its growing good fur. This is a 
clue which should bo followed up in the hope that the speciSc food 
requirement may be found for the growing of hair. It would beneflt 
many mammals that have a tendency to becomo naketl In captivity, 
nud perhaps some of the birds that suffer from feather loss. Con¬ 
ceivably it might even lie useful to bald-headed men. 

Grooming is an important activity in the lives of animals, and they 
will ordinarily take good care of their coats if they feel well, if 
they fail in this, it may be because of ill health or because tliey lack 
proper facilities. Some must have water for bathing; others, fine 
sand or dust; ulheraenjoy a shower bath, and still others need to bathe 
in mud. Large mammals, such as elepiianta, rhinoceroses, and bogs, 
delight in daily batlis of mud nr water, which assist them in avoiding 
insect pests and parasites. 

If n mnmniBl does not shed Its old fur and keep sleek and well- 
groomed, it is a sign that something is wrong, probably in the diet 

In addition to correcting tlie diet, it is wcU to provide bundles of 
brush in the cage so that the animal can comb out its fur by rubbing 
against it, us it would comb its fur in the wild by going through 
vegetation. 

Human standards of cleanliness should not be the sole factor in 
determining cage arrangements and scoesGorien. Fredi soil and mud 
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with normal bncterin is ulten of i;reat value to Biitmfila, ivhe^ 
human beings am likely to eoiuiider it dirty, and thereto™ objection¬ 
able, forgisiting that tlie real menace to the health of their pet^ 
may lie in dangerous bacteria that multiply in food left exposed, or 
ill food and drinking dishes not eniicely dean. It is ivelJ to adopt 
a regular routine of sterilixing the titensUs frequently, and, if possible 
cleaning the with disinfecting solutions which are not barniful 
or objectionable to the animals. 

The National Zoological Park is now using a disinfecting and 
cleaning solution made up os follows; Stock solution-^'i gallons of 
5 percent solution of sodium hyiiochlorite and 18 ounces of cauatic 
soda (lye). Dissolve tha lye in 1 to 2 gallons of water in enamelware 
or earthem conljiiner, then pour lye solution slowly into hyp^h^rite 
to avoid violent reaction. Stir while pouring. For use add 1 pmt of 
stock solution to 2 gallons of water. The stock Bohitiuu costs only a few 
cents iwr gallon to make and is very simiJar to, if not better than, a 
commercial product that sells for about $2 a gallon. This mixture 
is good for dLsinfectirg cement floors, wallB, and dishes, hut is injun- 
DUS to paint. 

DisLnfcctonts nnd deodotants should not be confused, lu general, 
if cleaning and disinfecting is well done, the™ is little need for 
deodorants. In some cases, however, a deodorant is desirable to mask 
an odor which emmot be eliminated. For such, «s« about ■! ounces 
of oil of pine to a gallon of wntor. Tliia is excellent and is not 
known to be harmful Uv any animal, imleaa it be reptiles. Many 
deodorants and disinfecting preparations, such as carbolic acid, 
phenol, creosote, and othe™, are harmful to animals and should not 
be used. 

There apt»ear3 to be a widespread but erroneous belief that an 
animal con thrive under a wide range of temperature. As a matter 
of fact, only a few can witlvstand extremes of heat and cold as 
as man regularly endures. The majority have some means of avoiding 
extremes. Some migrate- Tiiose thot burrow obtain equitable tem¬ 
peratures in their drais. Others go into caves, hollow trees, mass es of 
dead leaves, or other locations where there is good insulation fnim 
heat and cold. Further, the cavltietf are usually amall so that the 
bcxly heat of tlie animal is conserved. 

Exercise is imiiortant in maintaining the health of most animals 
in captivity, though to provide suitable means for exercising is a 
problem for the ingenuity of the canitaker. He must, of coiiraa, know 
Eumetliing of the type of activity that each animal normally carries 
on. A few suggestiiitis are made. Thu larger the cage, the more 
likely the animal will be to obtain some exercise by moving about 
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(Some cttietoJcera maititaui tlist ceti-Bin parrots do better in GmaU 
CHgetE than in Inrge ones.) If it is a eJimbing aninial, trees, liorizonOil 
bars, swings, ropes, ruigis, and pole} will all Btimulato activity. 
WfKtden or rubber bolls, or other toys, even dolls, are samettnies uwfnl, 
cither os playLhings itr as compamonsL Wheels that will giTo the 
animal a sense of progress are particularly good, 'rtiay may be of 
tho inclined disk type, or of the ferris wheel type. (See pL 1.) It is 
also probable that siiccessfid exereJaiug devices might be developed 
for tha Hiiiall cats, or other animals of similar size, after the mo del 
of the endless-belt treadmills, such aa wera at one time made to utilize 
dog and horse [aiwer for man’s purpcees. 

Some animals that do not tlirive in captivity when kept alone do 
very well in gmupa with otlieru of their kind. An ejcoallent t-arrun plft 
of this is tbo anij lone individuals promptly die in captivity, but 
groups of four to six have lived for several years in the Natiiina) 
Zoological Park under exactly the same treatment as previously given 
single birds. Others thrive when a companion of another kind ia with 
them, if one of their own kind is not availalde. There have bc^ 
numerous odd oompanionships of this kind, such as tbo friendship 
between an African rhiuocoros and a gciat. We havo in the Zoo a 
Javan macaque monkey that lovingly fondles its pet guinea pig, and 
JB thus provided with an. interest in life. One black-tailed marmoset 
in a cage hy itwlf at the National Zoological Park was gradually 
lailbig. Pnjsently two other marmosets of a different species wc« 
put in the cage with it. At fitet, it was very much afraid of tliam 
and stayed as far away as possible. After a few days, it gained a 
Uttla courage and would occasionaliy coma near the others, and finally 
it was participating in tJjeir play. Thus, the lethargy and ao-cal1ed 
cage paralysis which had been, coming on was averted. This example 
rather definitely suggests dint one type of cage paralyaia is the result 
of a wasting away of muscles due to mactiv'ity, which can be prevented 
by providing aniimiis with a good-sized cage and imliicement to 
exercise, 

When placing animals of the some km<] or different kinds together, 
cans must be taken to prevent fighting. It k a good plan to keep 
them in adjacent cages so they may aee and siuell each other fnr a 
few hours, days, or even weeks, and thus become acquainted. When 
they are first put together, it should bo dnns very quietly and the 
animals should be allowed to make their own approach to each other. 
Careful watch should be kept tmtil it is seen whether or not they 
will get along together. Nocturnal creatures should be watched tha 
first night hiany animals have a very dafinite sense of ownership 
of their bonias end resent intrusion by another. It is therefore 
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somcdmes dcsiralile to put both animals into ». naw cagp so that 
nuitli^r will feel that it is the owner. 

Sometimes Bnimals will get dong well togetliep for some time, 
and later begin fighting. MbIck sliould usually be removed from a 
cage before a fetimle is to give birth. 

If captivo animalB are to be successful in rearing their young, it 
is generally essential that the female sboulil liave a nest, den, or 
secluded quarters nf enme kind during the earlier life of the little 
ones. 

Many nr>ct.urnnl uniniels are attracti^'c and can become interesting 
pots. Their habit of sleeping during the day and being active at 
night is a disadvantage in some instances, and in others, an ad¬ 
vantage, Soma animals can be inilucccl to reverse their days and 
nights by keeping them under a very subdued light during the day¬ 
time and at night giving them a nest boi and fiooding their cage 
with bright lights. The daylight can bo reduced by filtering it 
through one of the colluIoidHke iiiaterioJs sprayed with a bluc-block 
lacquer, or blue cellophane. Special arrangementB must be provided 
for properly cooling and ventilating the cage. 

Tha toenails and hoofs of many animals grow rapidly in order to 
be adequate for their function in the wild. It is well to provide 
facilities for such animals to wear down their hoofs or claws. If 
tills cannot be acromplished) it is often necessary to trim the nails or 
hoofs. 

hfsny animals timt would normally hibernate * do not if kept under 
unfavorable conditions. In order to hibernate they must become fat 
and have cool quarters so well insulated against winter weather that 
they will not be subjeot to freezing. There should tw little fiiictua^ 
tion in teutperature and tlie atmosphere should bo definitely moist- 
Animals appear to have a remarkable instinct in tliis matter, and 
with a few exceptionH will refuse to hibernate as long as they do not 
have a snug nest in a well-insulated dan; but if supplied with such 
facilities they will promptly go to sleep. Apparently such a period 
of rest is required by many animals if thny are to tlirive. 

Hibernation appears to be essential to female bears if they are to 
bo successful in rearing their young, which are bom while the mother 
is in hibomation. Kodents thot normally bibemata rarely survive 
the second summer, if not allowed to sleep during tho winter. 

Dry leaves, gmsa, straw, bay, poper, cloth, aud many other ma¬ 
terials may be used for nest material and bedding. While soft tissue 
paper is excellent for Hnmll mammals, it sometimes sticks to the wet 

nlbtt]. Tentb, ftnij eleventh EafycJaiWtIU BriliunJei coanln 

■xtiiflefl DA blbci^ttUni] . 



316 AIWTOAL HEPORT SMTmEONlAN UfSTlTTITIOX, I»41 

newborn youn^. Su^rcane pulp, a byproduct, is ftTsilubla in bales, 
and is an excelleTtl absorbent nnd instilntmfr material whicb can be 
spread on cement, metal, and wooden fioors to bclp keep the cage 
clean and to insulatfl tlie animal from the cold cement that is so com- 
monly used in cage fioors. This is much better than sawdust, which 
often contaihH n'-sina that j^et into the fur or feathers of animals 
and make the animal’s coat look dirty and unkempt, or liometimeu 
causes actual staining of the coat. Most furry creatures need to bavo 
fine sand or soil in which to roll to keep their fur clean. This is 
particularly true of the finely furred little desert creatures that ap¬ 
parently cannot keep their coats in good slia^ie uiilees tliey have very 
fine sand constantly available. Slightly moist soil appeara to be 
desirable for furry creatures that regularly huirow in moist regions. 

HANDLING JUS'IMAlwS 

In handling practically all wild creatures, strategy, gentleness, and 
patience must^ esercised, Bfost wild tilings will struggle violently 
if forcefully res trained, particularly if they are suddenly seized. 
Often they will dislocate wings or legs, or injure themselves. Until 
the animal baa become well accustomed to its captor and is willing to 
submit to hini, setual physical bundling should be avoided by the 
use of shifting crates or cages, or the placing of a small bos over the 
creature so that it will be quiet while the cage is being cleaned or 
other activities are carried on. 

In handling the smaller of the small uiammalB in the National 
Zciological Park, “telescoping’’ cardboard nest boxes are provided. 
A bole is made in one end which goes through both of the walls. When 
tile animal is in the nest, it is a simple matter to slip a piece of wire 
fabric in front of the hole between the two walls. This provides; 
a very effective temporary method of restraining the animal while 
the cage is cleaned or in which to shift Llie animal to another cage. Tlie 
animal feels perfectly at home in its own nest, and does not fret 
itself or struggle, (S« p). s. fig. 1.) 

A very effeetiva meona of transferring small and medium-sized ani¬ 
mals from one container to another when the containers are of Riich 
type that it is difiicutt to place the entrances opposite each other so 
that the animals can go directly from one to another, is to use a large 
cloth bag of moderate weight, placing the entrance of the cage con¬ 
taining the nuiniat in the bag, inducing tlie animal to go into the 
bag, T^oving the now empty cage, and tlien placing the bag with 
the animat in it in the new cage and gradually and gently working 
the animal out of the bag into its new quarters. King nets, that is, a 
^g or net securely fastened to a ring from 10 inches to 2 feet in 
diameter on the end of a pole, can often be used to cxcelkut advantage 
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in Oilpt IIring and transfeTTifig animals. Xhe uee of such a net 
nates the need of grasping the animal; and, when pelding materia Is 
such aa cloth arc used, Iha animala do not ordinarily hurt themselves 
by struggling violently. 

Often a slow approach, best accompanied with gentle, alow-spoken 
tones, w-ill resHiuro the animal, and it can Uieii sometimes be picked 
up without dduger of injury to itself ot to its c^vpton 

One ehoiild neTi?r gi^b an anijnal auddenly by the tail, wingSi or 
legs. Almost invarlably thft animal will mate n sudden j?turt, and 
the tail feathers of birds may be pulled nut or the skin of the tail 
of roannnals may be stripped off the bone. If the wings nr kgs ara 
elumsily grabbed, the long bones may be broken or dislocated^ 

When animals arti to be liberAtod in a new cage or new euclosuray 
it is good practice to bang burlap or other material that appears as 
a definite obstacle in front of the glass or wire, so that Jhe aoimal 
outers a place of subdued light and can see that it is enclosed. It 
is then less likely to dash into the glass or wires of the cage or fence. 
The bo3C or shipping cnito in which it was transfcirod to the now 
quarterns can often be placed inside the new cage or nt the entrance 
of the cage and left, there for a time. The animal is thus penruttod 
to choose its own opportunity to go into the new quarters, and ia 
thus loss likely to moJeo a sudden dash and su:ffer injury* 

When large animals, such as elephants, rhinoceiroeB, and other 
hoofed animala, are liberated from their shipping or shifting crates 
into their paddocks or cage rooms, it \h well to phice the crate so 
that tliey back out of it into the new quarters. This will often 
prevent a sudden charge out of I he craE<^ that might result 
disiistnm>rlj. 

To one not accustomed to working with a wide variety of animals, 
it. h inconceivable tlic numt>er of difficult situations that can ariis. 
Animals have an abundance of timo, are often Energetic, can get 
into many predicaments, some of which may be fatal to themselves, 
or at other times, may lie merely annoying or embirriii^ing to the 
captor. Careful thought will go far toward avoiding such unhappy 
incidents^ 

Practically all animals aro much quieter when being shipped if 
they are screened from the view of the public. Burlap or otlier 
more or less porous matenal placed around or in front of the prin¬ 
cipal opening of the cage helps to moke them feel seqludecL Such 
material cannoi be used if the animal is able to get its paws or hands 
out through the opeuinga. In thiH event, eniall-incsh wire fabric 
through which the captives caanot put their hands or paws should 
be placed before the openings in the nr cnite, and then the cloth 
material placed beyond it at a distance of a few inches, so that it 
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will be out of reach of claws or fingers. The cloth can be arranged 
as a curtain so that it can be raised for inspection of the interior 
when necessary. 

POODS 

Under this heading we might include ererything that can be eaten, 
but obviously it is impossible to list all foods that might be available 
or desirable for animals. Therefore, the best that can now be done 
is briefly to list foods that are ordinarily obtainable, or that in general 
must be supplied to meet the requirements of a considerable variety 
of animals. The saying, ‘TVhat is one man’s meat is another man’s 
poison” is particularly true of animals. Some thrive on foods that 
would be fatal to others; therefore, if one does not know definitely 
just what a particular animal requires, it is important that careful 
heed be given to determine as nearly as possible what it probably 
eats, and to offer a wide variety within this range, in order that it 
may find among the foods offered something that will serve its pur¬ 
pose and not be forced to satisfy hunger by eating foods injurious 
to it. In general, very few animals wll eat foods that are harmful 
to them if they are supplied with a wide variety. The instances of 
animal deaths from the eating of foods that are harmful are usually 
the result of endeavors to satisfy cravings arising from the lack of 
some necessary element in the food given, but sometimes they may 
be from actual hunger cravings. 

Persons interested in maintaining animals in good condition should 
consider every possible food obtainable in their native haunts. It 
would be ideal to supply a complete array of such material, but 
obviously from the practical standpoint, this is impossible. It be¬ 
comes necessary, therefore, to offer the animal such food as can be 
obtained. 

In the wild, many animals that are normally supposed to feed 
principally on fruits or other plant life supplement their diet with 
insects or other animal material, and most carnivores do not strictly 
limit themselves to meat. While the quantity of supplementary food 
may be small, it appears to be of great importance, in some cases at 
least. Many rodents should be offered small bits of meat, mealworms, 
or other forms of insect life, and eggs, either fresh or boiled; also 
bon^ with dried meat on them. This material takes the place of 
the insects, animal carcasses and bones they would find in the wild. 
Carnivores should likewise be offered fruits, vegetables, and bread. 
The rejMtion of any given food on one or two occasions is not 
necessarily conclusive evidence that the animal will never eat it; 
therefore, it is a good plan to continue offering such food from time 
to time. 

When it becomes necessary to offer animals food to which they are 
unaccustomed, it will frequently be found that they are hesitant about 
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eating iL. IL may appear that they are not Inmgryj when in reality 
they nt^i but lade confidanoB in the food. For this teasoiii new food 
alioiild \m left long enough for them to b«:omo acciiatomed to it. 
Such unfamiliar food will sometimes be taken only after it has been 
re|H?AtolIy offered to an aruroal. If it is po^jble to make a gradual 
change in the diet wli^ra eneh eliangB becomes necessary^ it is prefer¬ 
able gradually to reduce the food that the BiiimEils have Ijcou receiv¬ 
ing^ eupplementing with the food that they are expected to eensume 
jji tlie future. In the- course of any such change, it is importaiit that 
tJw animal be offered as wide a variety of foods as possible, in order 
that it may make a ssiilflcliu-m It Is frequently found that animals 
tat and relish foods that experienced so-called animal authorities 
say they will not eat. 

Protein, carbohydrate, and fat should form parts of every diet, 
since these are always present to ftfane degree in avery animal cell. 

lii general, carnivores have a higher protein requirement than 
herbivores and omnivores* TliEftfore^ lean meat or ucjne other pal¬ 
atable fiMid of high protein content should constitute the major por^ 
tion of their diet* Carbohyiirates and fat can be utllhEed by tliei^ 
iiiibmda, but neither should replace the meat entirely because of the 
essential amino-ackls and vilHnilii^ coutamed therein. Oarbohydrateis 
and fat can be Used to supplement exeluBively protein diets, though 
the former nutrient is of limited value to most carnivores* Ked oiaal 
nr muacla is not the sole aource of protein. Tendons, conneetire tis¬ 
sue, eartiloge, bone, brain, and nerves, as well as the viscera, are 
ftXi.'eUeiit sources of protein that are frequently wasted. 

Herbivorous animals are able to digest large amoimte of roughage. 
Tile latter should be of good quality in orcler to insure adequate pro¬ 
tein, minerals, and vitamins. Small amounts of grain arc eommonly 
used ns a supplement to the roughage. 

Omnivorous animaLi stand somewhere between the eamivorous and 
herbivorouB fq>ecies as to requirements* AppareJitly they f^an utilize 
more carbohydrates than eantivores, and les^ roughage than 
herbivores. 

Presumably most of the Imown vitamins required by man are neces¬ 
sary to most lower animals as well, but perhaps not in the some 
proportions. It is Ukely that furred cud feat he red creiituroa may 
require certain vitamins in greater proportions than mankind, at least 
during the seasons for growing hair and feathers. 

The vitamins ** known at tliifl time^ and q brief summary of iofor- 
mation regarding tliem, are given below* Sines vitamin studies have 
bee^n made primarily of funds used by human beings, and evidences 

CP ILa lalflrnuitlQn rtt 0 irdiq.r t1I?hp>I(ip Im* tfrr-Ei f^nin ilfcp PliyBlijfii tw' 

VllainlD BcfereDCfl Bwk tnufe hs the OqiilllA- CO. Uid tbfl XntrltlQDal duirtri Lulled 
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of lack of Titaming are asuaLly esprffi=@<*d to edfecLs oa human he- 
inga or labonLUiry oninmls, the statements should bo OTaluated 
accordingly. 

Vitfimin A ,—Known to ^iLhii in oil from cod^ halibut^ and certain 
other fishes j egg yolk, whole eggg, spinach j liver, raw cari-oLH, cheose, 
freidi prun^ Hqunali, butter^ snA'Cot potatoes^ green lettuce^ cream, 
peaa^ tomatoes, peaches, salmon^ bananas, milk, corn, and al¬ 

falfa, arranged in the under of their richness in this vitaminu In 
vegetables, Titamin A occurs as carotine and is known as provltaniin 
A- Laiirk of die proper supply of this vitamin is evldeneed by eye 
and skin defects, possible susceptibility to infections, ami retarded 
growth. 

This vitamin can be given to aiutnal^ in die fonn of cwl liver oIL 
halibut liver oil, and several well-known medicinal concentrates* 
The vitamin A value m ciol liver oil id derioiisly impaired by eicpo^- 
ing tho oil to light or heat, or when die oil becomea rancid. It 
should be used sparingly btxrauee of injurious effccbi due to overdoa- 
age. Green plants eaten in suflicient quantities will ordinarily sup¬ 
ply the animal with enough pf this irdtamin. Apparently all verte¬ 
brate animals require this vitamin* Preirnant and nursing females 
reuriire unusual quantities, 

Vitamm Bi (thiamin hydrochloride).—Found in yeasty wheat 
germ, rice [lolisliings, wliok-grain cereals, peanuts, dried lieans, 
liver, milk, nuts, malt, ham, bacon, almonds, spinach, prunes, pars¬ 
nips, carrots, corn (canned), and greens, in order of the rlchne^^ of 
their content. 

Deficiencies in tliis vitamiti in man are evidenced by lack or loa? 
of appetite, retarded growth of young, and increased nervous excit¬ 
ability, painn, tremor, and muscular fatigue. 

Can be supplied in cod liver oil, halibut liver oil, commercial con¬ 
centrates, capsule:?, and drop desages. lliought to be required by 
all animals, but it is known that ruminants manufacture this in ihtdr 
digfestivfl tracts* Other!? of the B gnuip am also manufactured by 
ccTtain animals. 

This coTTipound is randily de^lroyed by heat and alkalincs. 

VilttiTim Bi (riboflavin).—Good sources ate dried yfrssft, liver, 
kidney, eggs, meat, wheat germ, spinach, milk, cheese, milk whey, 
turnip greeno- carrots, and curmt topn, kide, and rottonoBed* 

Deficiency in this vitamin is associated with digestive disturbaacex. 
retarded growth, reduerd iMctaiion, loss of hair and other skin 
troiibliv, eye disenses, and irritation of the gums and tongue. 

Can be supplied In commerrinl tiihlelft. 

This compound is destroyed by strong light, 

<xcitl and ocf/f —Good Bourees are dried 

or concentrated yea^. liver, lean meat, kidney, heart, buttermilk, 
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cabbage, spinach, wheat germ, salmon, dried whey, eggs, kale, milk, 
peas, potatoes, tomatoes, and turnip greens. Deficiency of this vita¬ 
min in human beings is associated with soreness of mouth, rednes 
and itching of skin, swelling of the tongue, diarrhea, vomiting, 
nausea, loss in weight, indigestion, and nervous disturbances. 

Can be supplied in medicines as tablets and solution for hypodermic 
administration (intramuscularly). 

Vitamin (pyridoxin).—Good sources are dried yeast, liver, rice 

polishings, meat, fish, maize, whole wheat, egg yolk, wheat germ, 
legumes, milk. 

Deficiency of this vitamin in man is associated with retarded 
growth, anemia, and muscular disorders. Can be supplied in cap¬ 
sules, or solution for intravenous injections. 

Vitamin 0 (antiscorbutic vitamin, ascorbic acid; cevitamic acid).—- 
Found in oranges, lemon and grapefruit juice, raw cabbage, toma¬ 
toes (fresh or canned) or tomato juice, strawberries, cranberries, 
fresh peas, peaches, apple juice, blueberi'ies, asparagus, canned pine¬ 
apple, lettuce, broccoli, parsley, brussels sprouts, turnip greens, spin¬ 
ach, and red and green peppers, in the order of their content. 

Deficiency in supply of this vitamin in man is responsible for 
spongy, bleeding gums, loose, poratic teeth, hemorrhagic tendencies, 
sore and swollen joints, increased capillary fragility, edema, and 
scurvy. Deficiencies more frequently appear in the young than in 
adults. Essential for primates and guinea pigs, but known to be 
synthesized in the body of some animals. In addition to the foods 
listed above, this vitamin can be supplied in the form of cevitamic 
acid tablets. So little is known about vitamin C that anything given 
herein should be considered as suggesting watchfulness and experi¬ 
mentation. 

Vitamin D (antirachitic factor).—Good sources are fish liver oils, 
butter, egg yolk, irradiated milk , and liver, arranged in the order 
of their richness. 

This vitamin is in such small quantities in human foods that 
deficiencies are usually made up by giving the patient viosterol, cod- 
halibut liver oil, or cod liver oil. Lack of the proper supply of this 
vitamin in man is evidenced by improper development of bones, 
muscular weakness, protruding abdomen, delayed development of 
teeth and dental deformation. No doubt many cases of rickets, cage 
paralysis, and other instances of poor bone development in captive 
animals are the result of deficiency of this vitamin. Animals that 
will eat fish livers might obtain enough from this food. Some zoos 
now regularly use viosterol or halibut or cod liver oils to make up 
the deficiency. 

Vitamin E (antisterility).—Good sources are wheat-germ oil, 
cottonseed oil, lettuce leaves, whole rice, watercress, egg yolk, meat, 
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milk, and grains, palm oil, peanuts, and rice oil, arranged in the order 
of their richness. 

Evidence of lack of the vitamin is sterility, placental failure, re¬ 
tardation of growth, degenerative diseases of nervous system, mus¬ 
cular weakness, muscular dystrophy, habitual abortion. Enough of 
this vitamin will probably be obtained by most animals that are sup¬ 
plied with plenty of grain and green food. It is known to be essen¬ 
tial for dogs and chickens, not essential for goats, sheep, or rabbits. 
Habitual abortions in cattle and pigs have been successfully treated 
with vitamin E preparations. It can be supplied in the form of 
medicine, as wheat-germ oil. 

Vitamin F .—Certain unsaturated fatty acids, such as linoleic acid, 
were known at one time as vitamin F. There is little evidence to 
justify its use for skin abnormalities when added to the diet or 
when applied externally. The Bureau of Investigation of the Amer¬ 
ican Medical Association holds much the same opinion. However, 
Weinstein and Glennar state that vitamin F may be of value in some 
diseases of the skin, including allergic eczema. 

VUamm K (antihemorrhagic) .-^ood sources are alfalfa, kale, 
spinach, dried carrot tops, tomatoes, chestnuts, soybean oil, and 
certain other vegetables, putrefied fish meal, bran, casein, alfalfa leaf 
meal, hog liver, hemp seed, cabbage, carrot greens, cauliflower, egg 
yolk, rice bran. The sources listed are not necessarily arranged in 
the order of their value, as little is known about the occurrence of 
this vitamin or the amounts necessary for animal welfare. Lack 
of the vitamin results in prolonged coagulation time of blood, and 
anemia. It can be supplied in oil, capsules, and tablets. 

Pantothenic add (filtrate factor—antidermatitis).—Good sources 
are dried yeast, liver, rice polishings, whole-grain cereals, lean beef, 
egg yolk, milk, peanuts, yeast, molasses, peas, rice bran, salmon, 
wheat bran, wheat germ. Lack of this vitamin is evidenced by corni- 
fied skin, dermatitis, desquamation of skin, granulation of eyelids 
incrustation of mouth, retarded growth. This vitamin has been 
found essential for the nutrition and growth of chicks, rats, dogs. 

Chelim occurs in bran, egg yolk, heart, kidney, liver, pancreas, 
sweetbreads, tongue, fish, fruits, grains, meat, milk, root vegetables; 
it is most plentiful in the first eight. Evidence of the lack of this 
vitamin in human beings is impairment of liver and kidney functions, 
hemorrhagic degeneration of the kidneys, regression of thymus, en¬ 
largement of spleen. It has been found essential for normal satis¬ 
factory metabolism, lactation, growth, and structural elements in 
body tissues, and is known to prevent fatty livers and “perosis ” 
or slipped tendon, in turkeys. * 

There is no proved commercial source. 
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Vitamin The ‘‘permeability” vitamin (citrin, hesperidin) is a 
factor^ other than vitamin C, in paprika and lemon peel It is 
necessary for normal capillary resistance in guinea pigs. This vita¬ 
min is present in material (called hesperetin or hespendrii) flavone, 
a colorless crystalline substance. From it are formed numerous yel¬ 
low dyestuffs, some of which (atrin) have an antiscorbutic vitamin 
influence* 

Vitamin T .—^This is a factor present in sesame oil* It is reported 
to produce with regularity an increase in the number of platelets 
in the blood of normal chddren* A fat, soluble substance not pres¬ 
ent in cod liver oil or olive oil—therefore not vitamin A; it has been 
called vitamin T, 

Vitamins A and D are the ones most likely to be lac k ing in diets. 

Many elements available in minerals are known to be essential 
parts of a properly balanced diet for animals. Calcium, phosphorus, 
sodium, magnesium, chlorine, iodine, potassium, and sulfur are re¬ 
quired in some quantity* Smaller amounts, or mere traces, are re¬ 
quired of copper, manganese, cobalt, zinc, iron, and fluorine. 

All animal products will be treated under this heading. 

Beef, horsemeat, chickens, rats, mice, and rabbits are most com^ 
monly used. However, almost all meats will be eaten by some animals. 
When the flesh of larger animals such as cattle, horses, sheep, goats, or 
pigs is fed, efforts should be made to feed not only the red meat but 
also the skin, glands, such as the liver, blood, viscera, fat, bones, bone 
marrow, and brains. 

Chickens, pigeons, mice, rats, rabbits, and other small animals 
^ould be given freshly killed, and whole, if possible. 

Milk is an excellent food, especially for building bones. It is often 
taken by sick animals when other food is refused. Adults in good 
health sometimes take milk alone; and milk is a good vehicle for giv¬ 
ing medicines to an animal. Eaw eggs can frequently be mixed in 
it to provide very nutritious food for such animals as anteaters, car¬ 
nivore that are not well, and young animals. Dried skim milk k 
especially useful for travelers. Evaporated milk can be used wher¬ 
ever raw milk is needed, and need only be diluted witJi water. 

Chicken and other eggs are excellent foods and can be used raw or 
boiled, alone, or mixed with other foods. 

Cheese and cottage cheese are valuable for supplying the important 
protein of milk. 

Insects are eaten by such great numbers of animals that they should 
not be overlooked in providing foods for many different species. 
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One of the most cenrenient ii[i?ai]s of maiataining a siippJj^ of in- 
seeta is to raise mealworms {Tenchrio or obw^rus). 

These are generalJv fed in the larval or worm state^ whleh is about an 
inch long and ^ inch in diameter. Such larvae are easily raised and 
appear in a [most ideal focKl. 

In the National Zoological Park, tlie maaiworm cidturea are kept 
in deep Lraja or clrawers about 4^ inches long, 20 inches frEirii front to 
back, and S to 10 inches deep, witli metal bottoms and a metal ov-cr- 
hxiig at tile top. Bnm is put in the drawer to a deptli of 3 or 4 inrhe-s 
and two layers of burlap ai'e placed un the bran. The culture is occa¬ 
sionally sprinkiMd lightly with water to supply moisture, and pieces of 
potato, apple, and various grecu foods are put into the bran tosupple- 
uiGiii tha mealworms’ diet. 

Because the larvae oougregate beLwaen the two layers of the burlap, 
It is sti i^a^y niaLLcr to Ecm>p up quantities of them afLer raising the 
top Inyen It is also possible to Kcpuruto them from the bran by sifting 
through M ooam mesh screeu, allowing the bran with the dusLy residue 
and small worms aud eggs to fail hack into the tray. 

Sniail cultures can be kept in pound coffee cans, or almost any con- 
tainer that has ventilation and will retain the iitsects> 

GrassLoppera, loca?tS| and crickets are fuvorito foods. Wlianever 
I hay can be captured alive, tiiay afford excellent variety in the diets 
of the many creatures that cat theuL It is probable that grasKhop- 
l>£;rs ur crirkipts could become staple articles of food for many ani- 
inals by arranging for tlie capture and proper drying of them m 
regions where Umj are especially plentiful, as for example, in the 
gni^H}pper-infe$tcd regions of thm western United Status and of 
Africa* Analysis of grass}?nppers shows Uiat they an* excellent 
food, and cliickf^ns fed on grasshoppers have mtide good growLh/ 

Woxworms and the adult wnxmotha f^Oall-eria ineUimella) are 
excellent food for small toads, froga, and many other creatures— 
particularly those that ret^uirB very soft, tender in^sect food. They 
ore pesto of bee culturisto and can sometimes be obtained from bee 
rnieenSp Cultures can bo inaiiilained in almost any Fsort of Ixix or 
eontainer that is tight enough to prevent the insects from escaping 
and that provides some ventllaiioni such as that given by acreeu wire 
openings. The wax worms arc supplied vvith old beo comb on which 
they If bee comb Is not available, the insects will thrive on 

the following mixture: 1 part of fine ecru uiciil, 2 parts of wholes 
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wheat flour, 2 parts skimmed-niilk powder, 1 part powdered dried 
jeaet, nnd 3 parts of standard wheat middJings. Thia should be 
tliOroughly miied. When ready for use, it should be tniied with 
equal parts of honey and frlyeerine until about the conalatency of 
wet Etind.* 

TliB adults, mfljjgots, aiid pupae of the common houwdly (ifiMiCW 
dojWJifiea) and the bluebottle or bhnvRy (CalltpAera sp.) are {jood 
and convenient fonns of food for a number of aiilmais. They can 
be caught and raised fairly easily. One method of capturing the 
insects and of starting the cultures is to [duce in the open, where 
flies can get to it, a twnica] or pyramidal screen wira cage with a 
amal] hole in the top plugged with a cork or a piece of paper, nod 
with a door on the side that con readily be closed. This is usually 
placed in a pan or tray in wdiich is meat or fish to attract the fllea, 
and the door of the cage is kft open, The SicH enter the cage to lay 
iheir eggs on the meat or fiah. If one desires the adult flies at that time, 
he doscH the duor and removes the flies by inverting a wide-mouth 
bottle or screen wir^ hag over tha opening in the top of tha toige 
after tiie stopper or paper is remnved. Now, by tapping on the 
sides of the cage, tlie flies can be induced to go upward into the 
Jar or screen wire container in wliich they can then be transported 
to the cage containing the a nim al that Is to he fed. The eggs aro 
permitted to hatch into raiiggota. These feed on the meat or lish, and 
in llna etagu cun be fed to animals, or they can be allowed to pupate 
and permitted to hatch into adult flics, thus maintaining the cycle. 
If ihers iM a layer of sand or sawdust an inch or two in thickness on 
tile bottom of the pan on which the meat is placed, the maggots will 
enter this to pupate. The pupne will hatch into adult flies in 6 to 
15 days, depending on the temperature. However, by placing the 
pupae in a refrigerator, hatching can ba delayed mdeflmtely. The 
pupae can be removed fi'om the refrigerator from tinia to time in 
such numbers as needed, and permitted to become wann, wliereuputi 
they will hatch into flies that ran be supplied to cbamalaons, oniles, 
and such other creaLuras os require this food. Shrews and a few 
other mammals, and many birda and some reptiles, will enjoy the 
maggots and puiiae when they might not take the flies, 

CockronchEs can often be readily obtained and aro freely eaten by 
many animals. Cultures can easily be maintained. 

Earthworms (Luml>ncue) are escelleut food for many animals, and 
cultures caji bo kept in rich garden soil in almost any container that 
will prevent the worms from escaping. Earthenware or wooden 
eoatainera are preferable to tin. Hw soil should be slightly moist 
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and the temperature never allowed to go over 75*^ Fahrenheit, Earth- 
wonns may be fed on well*decayed leaves, powdered bread crumbs, 
pieces of boiled potatoes, and crumbled hard-boiled eggs* The orig¬ 
inal stock can often be obtained by offering boys a small sum of money 
for capturing theiUp (The yellowish-green earthworms that are about 
manure piles are almost invariably refused by animals. Persons pur¬ 
chasing worms from boys should make certain that they are not sup¬ 
plied with worms from such sources.) 

White worms, or enchytrae (Enchytra&us) are from 1 to 2 inches 
long and scarcely larger than threads. They are very good food for 
small fishes and some other small animals, and can be raised in a 
small container such as a granite pan 8 to 10 inches in diameter and 
5 inches deep, filled to a depth of about inches with good garden 
soil* Moisten the soil occasionally, but do not allow it to be wet. 
Give the worms mashed potatoes, boiled rice, bread soaked in milk, 
and see that all the food is covered with soil. The temperature should 
be maintained between 45'^ and 70° Fahrenheit, Keep the top of the 
pan covered with a piece of slate or glass to prevent tlie ^il from 
drying. 

Common green frogs {Bana) are excellent food for otters, minks, 
raccoons, herons, and some snakes. They can usually be obtained 
from biological laboratories and supply houses, or local boys will fre¬ 
quently capture them for a small price. Various sizes can be obtained 
from those just past the tadpole stage to full-grown frogs. They are 
generally readily obtainable from dealers in the southern United 
States, The same type of material, however, is obtainable throughout 
most temperate and tropical regions. 

Tadpoles, the tailed, early stage of frogs and toads, are excellent 
food for some animals and can be obtained at a small price from deal¬ 
ers, or can be captured in quantities with a dip net in their native 
haunts. 

Toads are almost the exclusive diet of the hog-nosed snake. They 
can be obtained from dealers or captured by local boys. 

Small lizards, particularly anohs, the so-called chameleon of the 
southeastern United States, Cuba, and Central America, are inex¬ 
pensive and good food for small snakes, such as green and garter 
snakes. The principal food of many snakes consists of smaller snakes 
of their ovm kind or of related species. 

Minnows and other small fish can usually be obtained locally by 
the use of dip nets or small seines, or they can be purchased from 
dealers. 

Shrimp of various sizes, from the large kinds commonly used for 
human food, down to the minute forms, are excellent food for various 
animals. They can be used either fresh or dried. Large shrimp, 
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when used as food for birds that are accustomed to feeding on the very 
small kinds, should be crushed or ground and given in shallow water. 
Dried shrimp can be obtained from dealers in pet foods. 

Crabs, crayfish, and other Crustacea of numerous kinds, including 
lobsters, are eaten by many animals. They can be fed fresh, or the 
dried meat can be soaked or mixed with other foods. Crab scrap, 
the refuse remaining from the commercial packing of crab meat, con¬ 
tains some meat mixed with a considerable quantity of crab shell. 
This material is used by some zoos with success. It is probable that 
the chitinous material of the shells contains valuable constituents 
necessary for certain animals. In particular, it may assist in keeping 
pink in the plumage of flamingos and roseate spoonbills. This mate¬ 
rial when fed to such birds must be finely ground and placed in water. 

Fish, canned, dried, or frozen, is extensively used on fur farms and 
is an exceUent food for foxes and other fur bearers. The livers of 
some fish are known to be as valuable as cod livers as a source of 
vitamin A. 

PLAMT PBODUCTS 

There are probably only a few kinds of plants that do not produce 
material consumed by one or more animals at some time during the 
year, and practically every portion of the plant is used—buds, flowers, 
seeds, seedpods, leaves, twigs, bark, roots, and the various fleshy roots 
and modified underground stems that are rootlike in appearance. Such 
material is generally readily accessible and for the most part can be 
freely offered to animals. If animals generally have had a satisfac¬ 
torily varied diet and do not have some particular craving due to a 
dietary deficiency that prevents them from using customary good 
judgment, they will rarely eat plant products that are not good for 
them. 

Bananas are perhaps the most universally accepted of all foods. 
Many animals that have never had an opportunity to become 
acquainted with them eat them freely at the first opportunity. Bananas 
should be well ripened, preferably to the point of the skins becoming 
freely marked with brown or black. Most animals do not eat the 
skins, but there is no harm in giving the animal the whole fruit. 

Oranges, prunes, apples, figs, grapes, plums, melons, apricots, and 
practically any fruit that is available will be eaten, fresh or dried, 
by some nnimals . Kaisins are particularly convenient. 

Seeds of a great variety are excellent food, and relished by many 
animals. The seeds most readily available in the United States are 
the common grains—com (cracked), wheat, oats (whole, crushed, or 
rolled), rye, barley, KnAir com, milo maize, hemp, canary, miUet, and 
cooked rice. Sunflower seeds are especially enjoyed, but are too rich 


328 ANSTTAL REPOHT HfSTITUTION, IflAl 

and fattpning to be the major portion of a diet. Soybean meal, beans 
(cooked), and other legominoiis imHjucts are csceileTit foods: 

Wlieat middlings a byproduct of the manufacturo of white dour, 
is largely composed of wheat germ. It is, therefore, an Mcellent 
material to put into bread and mashes, and to use otherwise. 

Nuts are psriicularly good food for many animnls. Such hard nuts 
na walnuts and hickory nuts, and somewhat softer ziuts such as jjeirans, 
hazel nuts, or hlberto, are especially raluable in proTiding such animals 
as squirrels with a means of wearing down their incisor teelli. How¬ 
ever, if the teeth have grown to much more than normal length before 
the nuts ore given to the anininla, it maybe impossible for the cutting 
edges to come to bear on the nuts. I'iija will muke it neces^iary to 
cut llie Leelh to give the animal itself a chance to keep them worn down. 

Acorns, wliich grow tliroughont much of tJia work], are relished by a 
Surprisingly wiila variety of animals, including squirrels and other 
rodents, skunks, hogs, deer, bears, and many more. 

Peanuta {nut only the nunoasted nuts, but also the roasted and the 
salted ones) arc relished by great numbers of animals. Tim aeeils of 
cherries, ijeaches, and almonds can be safely offered to animals. 

Germinating grain and the young green grain plant are particularly 
rich in vitaminA A and F. Many animals arc very fond of this food, 
which can readily be supplied them by germinating the grain In pans 
or boxes containing a little moiat earth or gand, or merely with mouit 
cotton, A new pan of germinating or growing grain can be placed in 
the cage each day, or as often as Is Tieceseary, 

\rany waterfowl, particularly geese, nomally are graaa eaters. 
They therefore relish lawn clippings and some of the common gar dm 
woe<1.A. A suitable substitute for fresh material of this kind can be 
supplied by slightly soaking bright alfalfa hay and chopping it up 
into oJiDft lengths. Chopped hay is (specially valuable in the winter, 
when green food is not readily available. 

Alfalfa leaf meal is now available tliroiigh poultry and livestock 
feed houses. It is an eacellont food for many animals that habitually 
eat hay, and for a great many that eat only n small amount of dried 
vegetation. 

Hay of the various leguminous plants (especially al fa Ha, clover, eoy- 
bsan, enwpea, etc.) is particularly high in protein and vitamin A and 
is very nutritinuit. 

If oeveral di^erent kinds of hay of first-class quality can be obtaintal 
and offered to the animals, the best results will ordinarily be obtained. 
However, if several different kinds are not available, it Is possible to 
do very well witli hay that is well cured but wliich cofitains a mixture 
of weeds, gross, clover, and other legiuiies. The refuse left by the 
animals after they have picked through this aliould be carefully 
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eiomincd to ascortain whaL proportion of it is not acoeptable to them, 
and if the ppoportion seems unduly hlfili, efforts should bo made to 
obtain & different miirtiire, 

Tt is very important that hay Bboulil not be moldy or musty, and 
that it does not contain the so-called foitail and other graascs and 
grass!ike plants {i7^rfei/Jn, Sromiw, and otliers) that hare seeds Ifear- 
ing barbed awns that penetrate the mouths of the- unimals, causing bad 
soi^ which frequently lend to wrious ulcers, and occasion ally permit 
infectious organ isms to enter through the injuries* 

The custodian of onunals that will cat any green fot^d should be 
constantly alert to obtain the wide variety that is available through¬ 
out the year. In tills category arc lown clippings, comprised moetly 
of grass and clovers, weeds from vacant lots, roadsides, and fields, 
leaves, twigs, and small branches of woody planta. Small branches 
are particularly deeiralile during the winter, when grassy, clover, 
weeds, and leaves aro not readily availKhle. It should be borne in 
mind that great numbers of animals browse and mnke such coarse 
vegetation a considerable portion of Uieir diet. 

Root, crops such os beets {red and sugar), sweet potatoes, and yams 
(raw and cooked), carrots, potatoes, parsnips, and others are vahiable 
foods and constituto a convenient means of supplying almost all 
onimalB with fresh green, food tiiat they like. 

Cabbage, lettuce, kale, spinach, celery, anil other such garden prod- 
nets are good, and can usually be obtained. 

A food mixture that meets the requirements of many animals is 
composed of clioptjed vegetables such os beets, carrots, sweet pntatoej*, 
cabbage, kale, crushed oats, and bread. 

In the Tropics Ihern are many fruits, vegetables, leaves, and stems, 
insects and other animals that are readily available!. Such are not 
mentioned herein because few of them can be obtained in the Tein- 
pemte Zones where most captive animals are kept. 

Patvojis who have access to the soacoasts might well try out etnne 
of the algae (such as the so-called sea lettuce and the coarser kelps) 
as elements in food mixtures callbg for green foofl. This material 
is found in the stomachs of many uuimala, and the extent to which 
it is taken intentionally is not kimwti. It is known, however, that 
sea lettuce is ui*ed by aborigines. The seaweeds are rich in iodine, 
a good preventative of thyroid dluturbances. 

Water, fresh, clean, and pure, should with few exceptions fllways 
be accessible. Various animals in the wild liave developed many 
differeiit ways of satLifying their requirements for water. Some 
can and will drink freely from pans of water; others might die for 
lack of water, even when there was plenty in their pans. (Jertain 
lizards, for example, take water through their akin, and need to be 
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£prmkicd QCCksiOnaUy or dipped in w&ter. Some of the little deeert 
inAm7nAl!;4 apparently do not know how to drink water from a con* 
taineTt as they ore accustomed to obtaining only occasional drops 
of dew or rainfall from leaves and stems. Their food may be 
eprinkled with a little water so that they can gat a few drops at a 
time. Animabi tlmt inhabit arid regions usually obtain most of tbs 
moisture for their systems either by manufaeturing it from dry seeds 
they eatt or from tlie vegetation. In captivity, they wiU obtain much 
of Llieir required moisture from fresh vegetation, but they should 
ahio from time to time be otfeted a wisp of cotton fiaturaietl with 
water^ They may be supplied with wutor from a little gla^e sipping 
tube somewhat like a medicine dropper^ with the point bent in U shape 
so that it operates as a founLaiti^ but will give out the water only a 
drop at & time as the animal takes it. 

It is entirely possible tliat tjie general lack of success in keeping 
various marine animals in captivity has been due to the failure of tlie 
captor to supply them with suit water of suitable compoeilion. Some 
are accustomed to living alternately in salt and frcdi water a part of 
each year; others spend their entire lives in eithon Some appear to 
require salt water either for drinking or for its healing and curative 
propertiea^ However, many maiino aninmlH appear to adapt them-^ 
selves gradually to fresh water. 

Very satisfactory artificial sea water can made by di^lving 
pounds of Turks Inland salt in 100 pounds of fresh water. 

Minerals essential for building body tissues will ordinarity be 
obtained from the food if the diet Is sufficiently varied and the animals’ 
glands are Auctioning properly. It is^ however, often desdrabJo to 
supply calcium in the form of calcium phosphate, ground bone, or 
old dried bones on which the animals may chew. 

Enough iodine can usually he supplied in iodi?.cc1 or rock salt if 
the miimal will take it* If not, iodine can he given in organic fermp 
or with the feed. 

Salt requirements seem to vary widely. Salt appears to be essen- 
iJal to the welfare of cattle, sheep, deer, goahi, horses, and rabhite, 
but is rejected by many animals. A safe plan j£ to offer it to almost 
all, and let tliem accept or refuse. 

Many prepared foods can he used advaiitageouBly, such aa Home of 
the calmed meats and meat mixtures. Tn addition, zoos and animal 
keepem have developed certain other foods which are listed below, 
together with formulas for two of thcfn. ’ 

.ffcor emil.—Tbtt NuUoda] SSootoglcat l^irk nsicii breart made up In ouautltlea 
of nbont 200 itounOs st a time ait follows! lOO ptmed* of flour. 00 pounds Of bran, 
2 poanda of iiaiT, % pound of yoost. and 1 pound tit blaeltstTap molsMca, This 
Jjt tHonnielily mlxea wlUi water, aflowed to rUe, enit Is tmkeu tue other bteada. 
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VocJtiHfTUU Is indflc up bj preparing h stot^ Io<»d cfiiulBttnK at 5 
parte iff iwlebucli, 1 port of crlAMl (Tneat toeal), % part pf ant i*«te. To tUa 
it«lt foM add as usHi: harU-bolVed CBES. stated carmts, Ktucna liemp 9«d, and 
tod Uvet olt. Tht bcdcJc food flm bt ninde np Sn qaantltlHi uiid stored Imltflultelj. 

Ensilage (sUiige) has been ssn extenaivdy oikd successfully used in 
feeding cattle and other livestock that it might well be tried os a food 
for aome of the wild animals kept in captivity, such as bison, antelopssa, 
doer, sheopf goats, and others. 

The prepared fish fowls ace tlie most convenient and economical 
diet for smdi aquarium fish that are kept in most homes. 

“Ant eggs,” which aio really the dried eggs of termites, are valuable 
food for manj insectivorciruH birds, and are particularly valuable when 
birds of paradise are moulting and growing their new plumage. It is 
eutirely possible that these eggs would also be valuable for Hmall 
insectivOTOs. 

Honey is parriculsrly enjoyed by bears. 

fiOUItCES or FW>D 

To obtain suitable foods for various animals kept In captivity will 
frequently tax the resourcefultieaa nf the caretaker, It should be 
borne in mind, however, that pet stores and animal deaJei's generally 
carry some of the unusual tyiies of material required. In addition to 
the markets and stores that sell the usual vegetables, meats, fish, teeds, 
add fruits, bakeries con supply stale bread which is still palatable and 
excellent animal food. Meat-packing plants and abbatoits can fur¬ 
nish animal uilal, some of which is particularly valuable. In poultry 
markets, the viscera and headii of chickens, turkeys, and other fowl 
can be obLaliicd. Fish livers can often be obtained at fish markets, 
wharves, and canneries. 

Biological supply houses arc also usually able lo furnish articles 
that arc not on the onlinary market, such as frogs, tadpoles, toads, 
^akee, and Other wild material. Another means of obtaining food is 
to solicit the help of local boya, who are almost invariably interested 
and willing, for a snail conHidaratioii, to obtain such material as 
iusects, worms, froga, toads, salamanders, crabs, crayfish, and plants. 
Valuable help can also be obtained from fishermen, hunters, and trap¬ 
pers, who may lie w illi ng to supplement their liicomea or to tell one 
where and how to capture material 

CAQl^ AND E!NClj0aLrB£3 

Animals are so varied in their needs that many difierent types of 
cages, eticlosures, shipping crutea, and other devices are needed for 
Bofekeeplng and displaying them under conditions which will main¬ 
tain them in good health. In general, all devicea for restraming 
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itniinnls must made fidcquatfl as to safety, must proridu Huipifl 
space for the aDimats to uiov« alwiit and obtain excrcisej and should 
Ihj so cnuHtriictpd as to be easily cleaned. Large uticloauriis Unit are 
fenced for retaining such aninmls ns horses, zebras, deer, antelope, 
kongaroofT, etc., may be of almost any convenient size, depending on 
the area available. They may be large pastures in ’which people 
may walk or driva. If the general public ia to view tbe antmala from 
outside the enclosure, it is preferable that the. enclosures have a depth 
from front to back of from 150 to 200 feet; a greater depth ia likely 
to permit the animala to get so far away that tlie public does not 
obtain n good view of them. The front, where the public is to pass, 
may be of any coavenient length, but should not be than 60 
feet for tlie larger animals. The rcsLraiiiiiig barriers for fincloaurcs 
of this t^e can be wire fences, psliaadK, rock walla, or inoata, or 
combinationa of any or nil of these. The moat treatment requires 
greater ground area, but is particularly effective in that there is no 
obstruction of llte view. If the mont is properly constructed, tlie 
animals enn be entirely ficeure, 

The conventional cage varies from small bird cages made of wire 
or partially of gin®, to large cages adequate for gorillas ami other 
powerful or dangerous atuinals. The size and, to some extent, the 
type of materiHl to be used will largely bo determined by ihe kind 
of animal fo bo cRcluHetl. In general, no cage should tx* smaller 
than five tim^ the length of the animal, although probably the 
majority of animals are kept in smaller enclosures. Since maximum 
visibility of the animal ia particularly desirable, the cage should be 
of Btroiig material of sauill dimensiona so that it will camaa the 
mitiimmn obstruction to the visitor^a view, at the same time furnSsh- 
mg adequate security. Glass can be used for many cages. 

In constructing cages side by side, there should edher be a solid 
partition between them so that the animals cannot got their toes, 
fingers, arms, or kgs tliroiigh into the adjoining cage where they might 
be bitten or otherwise injured, or, if mesh partitions are used, these 
she Uhl he double and far enough apart so that the animals cannot 
into llie udjoining cag^. 

Aquaria and tanks can vary in a]mo«t Infinite degree, from the 
CflM OP pans in which small boys frequently and sometimes suecu®- 

y keep fishes, toads, frogs, and turtles, up to elaborate aquariums 
and large tanks. 


Restraining the animal by means of a collar about the neck or, b 
resea of some monkeys, a belt immediately in front of the hips, or a 
^rap on the Ic^ of birds k frequently practiced. Before leaving 
_ animal entirely unwatehed in the early stages of making it secure 

^ certain the animal docs not become 

entangled in the chum or leash attached to the collar or belt. Some 


CAKK i>y captive ANL^iAL£—WALEJSB 


333 


anitaftls t^guJarly become eiitiingled,, with the result that tbej strain 
or injure tln-jiiselv(s. Others Appear to Uyirn quickly how to avoid 
such troubles, 

Whuri animals are go restniincil^ it is parLicularly important that 
tho chain bo short enough so that it cannot beccimo cut angled with 
such objects as in the ground, limbs in treeSj crosaanna on ptisis, 
or other obstructions^ 

If cai^ful atlenliun la given to choosing species that will not harm 
each odierj and sufficient space and euituLle conditions are provided, 
very attractive and interesting groups can be muintaiiied. For 
example, in a large cage or outdoor enclosure with pools or otlicr 
natural featiLTcs, several different species of birds (see pL 4* fig- 1), 
reptiles, and mammals cjin be exhibited if properly selected. Large 
cages with many individuals of a single spec Las aiToril considerable 
activity; and if beiligereut imlividLmlM are eliminated, such groups 
frequently do well and multi pty, if provided with the proper faculties 
for nesting or nearing young. 

Heed aimiild always be given to placing cagea, aquaria, or ebained 
animals where couditioua can be comfortable regardless of the weather 
und without too much dependence on the ihnughtfuluesfl of carctaLcrs. 

Modem at eel allnyF, particularly the so-called starnlc^ steel of the 18 
and 8 group, are exceptionally good malerinl fur cage construction, as 
they are very st rong and do not corrode under contact with excret ions 
and secretions of tha animals. The dull finishes are preferable, as they 
are less conspicuous to the eye. Eleclric w elding is pai Licularly dcsir- 
able in the construction of such cages, as it provides a maximum of 
strength with a minimum bulk of materiaL The aluminum alloys 
sboiihi Im) avoided, as all that have come to my attention when used for 
making cages have been subject to very rapid corruKion from the ex- 
cretiotiH and secrelioue of the animals. Wltcn in contact with steeli 
this acdon is still further accelerated* 

In regard to all cage and paddock construction there should con- 
stnntly be borne in mind the fact that there must be no sliarp projec¬ 
tions alK>ijL the cage on which animals can hurt themselves. Ends of 
wires should be carefully bent or otherwis*e guardidd to prevent animab 
from injuring themselves or leaving tufts of hair or fur on them. If 
there is to be more than one animal in an enclosure, it is well to avoid 
having any of the walls comc together at ang1e£^ less than Angtea 
of about 135° are to be preferred aa they will provide no narrow cor- 
nerij into which one onimal can drive another and harm it. The same 
idea should be borne in mind in consti^ucting shelter houses for the 
larger hoofed animals. 

Practically every enclosure should havi? flutnci kind of a abeiter or 
nest box. Houses may be built in the comer of the yards for large 
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animals, or dens just outside the cage with an opening into it, or for 
small creatures, nest boxes placed in the cage. 

It is desirable to provide the most natural type of surroundings 
possible. Well-drained earth, sand, or gravel surfaces for animals 
that are not vigorous diggers should be provided. Burrowing animals 
can often be provided with soil in enclosures having cement or brick 
walls, and bottoms several feet below the ground level. These are 
good for such animals as badgers, skunks, prairie dogs, and many 
others. 

Cement floors are extensively used, but in many respects are very 
bad for animals. It is to be hoped that more resilient, less absorbent, 
less heat-conductive material will be found and generally adopted. 

It is preferable not to ship male deer when they have large antlers, 
but if this cannot be avoided, due heed should be given to providing 
ample protection so that the animal cannot get into situations in which 
it will harm itself, or from which it cannot extricate itself. Never 
ship deer while the antlers are in the velvet if it can possibly be avoided. 

Shipping containers should be carefully constructed to make certain 
that there are no sharp or rough places inside on which the aTiimitla 
can injure themselves. Furthermore, there must be no point at which 
the animal can get its hands or feet out through cracks, or it may 
break its legs or strike at other animals or transportation employees. 
The bottoms of crates should be so constructed that they drain quickly, 
and bedding should be provided on the floor. Crates for hoofed 
animals should be provided with shallow cleats or roughened suffi¬ 
ciently to provide good footing. 

Mangers or other containers for food and water should be so placed 
that they can be refilled by transportation crews with a minimum 
of trouble, and it is important that they be so placed that they can 
readily be removed, cleaned, and put back into place after refilling. 
Full instructions should be placed on the outside of the crate as to 
the care of the ^imal that is, as to range of temperature at which 
It should be maintained, whether it is to be kept away from steam 
pipes or must be kept warm, not to leave in the hot sun, the kinds of 
rood, quantities, and times it should be fed and watered and, if the 
trip is a long one, fuU instructions relative to cleaning the cage. Cages 
intended for long trips should be provided with so-called foot boards 
or long, narrow, clean-out doors at the bottom which will permit keep¬ 
ing the cage clean without allowing the animal to escape. Such doors 
however, must be so attached that they can readily be unfastened and 
fastened by the caretakers, and so secured that the animal cannot get 
its legs out through them. 

In place of foot boards, a false movable bottom like a very shallow 
drawer can be used for animals that are not heavy or do not stand 
on the fltx>r all the time. 
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In general, only a single animal should be placed in a shipping 
crate or compartment in a crate. Often animals that would get 
along nicely together in large quarters under normal quiet sur¬ 
roundings will fight and injure eac^ other when placed in close 
quarters and subjected to the irritations and excitement of transpor¬ 
tation. Many entirely unnecessary losses occur by crowding animals 
together under such conditions. If two animals are accustomed to 
being together and they are especially fond of each other, it is some¬ 
times safe to send them m this manner. A safer way, howeTer, of 
permitting them to have the benefit of companionship and at the 
same time not take risks on their fighting, is to place them in the same 
crate with a partition between. The partition should be of such 
small mesh that the animals cannot get their toes, tails, or ears into 
the adjoining compartment where they might be injured. 

The size of the crate for shipping animals is subject to great 
variation, depending upon the kind of animal and the length of the 
trip. In all cases, however, the crate should be large enough so 
that the animal can take its normal position without being crowded. 
Under no circumstances should the crate be so small that the animal 
must be shoved into it and compelled to hold itself in a strained 
position. It should be unnecessary to mention such a subject, but 
occasionally it is found that animals have actually been shipped 
under such conditions. The larger animals, such as horses, cattle, 
and large antelope, are most often shipped in crates that are slightly 
more than the length of the animals, and sufficiently high so that the 
animal does not injure its head against the top, and but little wider 
than the body so that the animal cannot turn around in it. However, 
if the animal is to go on a long trip, it is desirable that the crate be 
large enough so that it can move about freely. In some instances, 
animals in narrow crates have thrown themselves over backwards, 
landed on their back and been unable to get up. 

Most of the small mammals, reptiles, amphibians, and some birds 
regularly take shelter if they have the opportunity to do so. It is 
therefore an excellent plan to provide in the shipping crate a small 
box with appropriate nest material so that the animal can go into it 
and feel secure and sheltered. This greatly facilitates cleaning the 
cage, for the animal will soon learn to stay in the box while the cage 
is being cleaned, or if it does not do this, it is an easy matter to close 
the entrance to the box while such work is being done. Pains should 
be taken to make certain that animals can keep themselves clean and 
dry. This is sometimes accomplished by providing a shelf slightly 
above the floor, on which the animal can repose much of the time, or 
by furnishing a wire-mesh bottom to the cage. Occasionally such 
animals as beavers and other semiaquatic creatures are shipped with 
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water, but without opportunity to dry themselves. This often results 
fatally. 

Exterior handles should be provided on shipping crates so that 
transportation crews will have no difficulty handling the containers. 
Express charges are by weight, so shipping containers should be as 
light as possible consistent with strength and adequate size. 

MEDICAL AND SUBGICAL CARE 

In spite of the extensive studies that have been made of human ail¬ 
ments by the medical and allied professions, much remains to be 
learned about these ailments, and how they should be treated. It 
should be borne in mind that great numbers of people, with vast 
resources at their command, have participated in these studies, and 
their subjects—other human beings—have been able to cooperate with 
the research workers by telling of their ailments and otherwise facili¬ 
tating the study. With wild animals the problem is radically dif¬ 
ferent. We must assume that they are subject to more or less the same 
general types of ailments that their human relatives suffer; but, nat¬ 
urally, every one of the thousands of different kinds of animals has 
its own particular reactions to its own particular ailments. 

Very little has been done in the study of animal diseases, except as 
to fur-bearing and domesticated species. Because the subjects cannot 
cooperate by describing their symptoms we must assume, for all prac¬ 
tical purposes, that w'e know very little about the details of their ail¬ 
ments, and the precise medical and surgical treatment that should be 
given. This emphasizes the importance of preventive measures to 
keep captive animals fit, rather than depending on medical or surgical 
treatment after ill health has set in. Proper feeding and the preven¬ 
tion of undue exposure to contagion or injury will go far in helping 
us toward the desired goal. 

Evidences of ill health should be constantly watched for, and any 
unusual condition should be carefully observed. Diarrhea, constipa¬ 
tion, failure to eat, excessive thirst, dullness of the eyes, unusual 
lethargy, and convulsions are indications that something is wrong. 
Other symptoms, such as purulent discharges from the eyes and nose, 
rapid or labored breathing, ragged or rough-appearing pelage and 
plumage should also be looked for. A trained observer can use these 
various symptoms as guides to the probable nature of the disease. 

A few treatments are now fairly well known, and can usually be 
applied safely by competent veterinarians with fair chances of suc¬ 
cess. Medicines should ordinarily be given only by veterinarians. 
Sometimes, however, physicians will give advice when a'veterinarian 
is not available. 
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Struggling irith nn anitrial to control it Trhile giving it medical or 
surgical trvatmeiit often do« more harm tlian can be offset by the 
treatment. If treatment is essential, care and strategy should be 
used. Animals can be rendered sluggish liy giving certain drugs in 
tlieir drinking Tvater. Hmall creatures can be anesthetized in cloeed 
containers. Medicine can often be given in food without arouaing 
the animors suEpicions. 

The sise of the dose of medicine should in general he proportionate 
to tlie size and weiglit of the animal; that is, a small animal should 
bo given a small dose, and a large animal a laige dose. 

So-called cage pamlyeis probably bas numerous causes. Inactivity 
has been mentioned. Bickets is another frequent cause. Proper 
Cood. sufficient sunlight, and in aoiue coses supplementary feeding of 
richet-preventing medicines and foods will go far toward obviating 
this condition. 

Occasionally ajiiie mammals lose their hair gradually or fairly np- 
idly and do not grow new I'mts. A corresponding condition somo- 
times exists in birds. The cause of this loss of hair and feiitlnsns is 
not definitely known, but in some imitonces it is caused by deficiency 
in diets, though just what dietary measures can be used to prevent it 
is, in the majority of rases, stiM iiocertam. 

Some birds, particularly parrots, develop the habit of plucKng 
their own feathers and eating them, or plucking the feathars of their 
cage mates. Apparently this indicates a dietary deficiency, which 
haa baen remedied in some eases by giving salt, fat, bon^, and meat. 
On other occasions such mothoda have been without beneficial effect. 

Tlie incisor teeth of rodents in captivity are often found to be go 
long the animal cannot eat. In such cases, it is necessary to cut tlie 
overgrown teeth to a proper length. These teeth grow continuously 
throughout the life of the animal, and tlie animal will usually keep 
them worn down If it. has plenty of wood, nuts, or other hard mate¬ 
rials to gnaw. If one of these chiseling teeth is broken, the opposing 
tooth muat usually be cut at frequent intervals. 

If fittimnls are kept on cemant floors without earth or other mate¬ 
rial over them, careful watch should bo kept for corns on ^o soles of 
the feet, or actual wearing away of the skin and flee!) to the Imne. 
(Sea pi. 8, fig. S.) 

Toenails must sometimes be trimmed. 

It is often desirable to render flying birds flightless so that they 
can be kept on lawns or in large enclosures without wire covers. Here¬ 
tofore this has generally been accomplished by amputating the ter¬ 
minal Joint of one of the wings. This is a moro or less brutal and 
disfiguring method. Another method—eutting one of the flight ten¬ 
dons—^which causes little pain and does not disfigure the bird, was 


338 ANNUAL REPORT SMITHSONIAN INSTri’UlTOX, 1941 

developed and described by Dr. Charles R. Shroeder and Karl R. 
Koch.* Persons attempting to use this method should be certain that 
they sever the proper tendon, for otherwise the birds are not rendered 
flightless. 

In some regions flies {Stomoxys ccdcitrams) persistently bite the 
ears of dogs, wolves, coyotes, and foxes. If the animals cannot get 
into a dark den away from the insects, it is well to saturate a cloth 
with a mixture of 10 parts kerosene, 1 part pine creosote, 1 part tur¬ 
pentine, and 1 part oil of murbane, and hang it at such a location that 
the animal will rub its ears on it as it walks about the cage, or spray 
the animal lightly and the cage heavily with this solution, or some 
other that will keep the flies away. Tar put on the edges of the 
ears has a beneficial effect in preventing fly injury. 

Some animal keepers have placed quinine in the drinking water 
of ailing animals even though there was no specific diagntsis to show 
that quinine was desirable. However, there is no evidence that 
quinine is useful in the treatment of animal ailments in general. 
On the contrary, pure palatable drinking water is known to be of 
great value. Therefore, the indiscriminate dosing with quinine is 
mentioned only to discourage the practice. 

Apparently it is essential that the females of some animals eat the 
placenta or afterbirth in order to start their milk flow. Many animals 
do this. 

SPECIFIC INSTRUCTIONS FOR THE CARE OF ANIMALS 

The greatly abridged information that follows relative to the care 
of mammals, birds, reptiles, and amphibians, is presented to help 
inexperienced persons in caring for the animals that may fall into 
their hands. The order of arrangement in each of the groups follows 
a more or less widely accepted scheme of scientific classification, each 
group starting with the lowest or least specialized, and going to the 
highest or most specialized. 

In the case of animals that are more or less regularly kept in cap¬ 
tivity or that are known to have been successfully kept, the instruc¬ 
tions are specific and very abridged. In the case of those that are 
not known to have been kept in captivity, or only rarely or with poor 
re^te, information wiU be given about their known habits in the 
wild in the hope that this may furnish clues to successful handling. 

MONOTE13fES: EGO LAYERS {KOKOTREMATA) 

ECHIDNAS or SPINY ANTEATERS (Echldnldae). Primitive burrowing egg- 
laying maimnale, inhabitants of Australia and Tasmania. Peed mainly on 
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insects. Barely kept in captivity, bat one has lived for 38 years in the Phila¬ 
delphia Zoo on a diet of one raw egg and one pint of mUk daily, with one 
teaspoonfol limewater added to the milk. The yolk of the egg is iinbroken when 
placed in a shallow dish separate from the milk. 

PLATYPUS or DUCKBILL (Ornithorhyiichidae). A primitive egglaying 
mammal of Australia, now rare in the wUd, and almost never kept in caih 
tlvity. Inhabits streams, and borrows in the banks. Feeds on small moUnsks 
and probably on water insects. One captured young was kept 4 years on a 
diet of tadpoles, worms, grubs, beetle larvae, dock eggs beaten op and placed 
in a vessel of boiling water ontil the mixture boiled op like milk, then fed 
in water. The platypus lacks teeth, so apparently needs fine grit with its food. 

MARSUPIALS! MOSTLY POUCHED MAMKAIS (MABSUFTAT.TA) 

OPOSSUMS, MOUSEWPOSSUMS and WATEB OPOSSUMS (Dldeiphlidae). 
Almost omnivorous. Should be fed on meat, Insects, milk, bread, eggs, gr^n 
com, fruit, vegetables, green leaves, and honey. The smaller kinds are so mouse¬ 
like in appearance that they are frequently mistaken for rodents, but they have 
sharp-pointed noses and lack gnawing teeth. 

DASTURES (Dasyuridae), Almost omnivorous animals of varied habits- 
Should be offered meat, insects, eggs, bread, bananas and other fruit, some green 
vegetation, seeds, grain. 

TASMANIAN WOLF (Thylaclnldae). Feed meat, supplemented with bread, 
fruit, vegetables, milk, and eggs. 

BANDED ANTEATEB (Myrmecoblidae), An insect eater not known to have 
been successfully kept Try meat, eggs, milk, bread, fruit, and soft or soaked 
seeds. 

BANDICOOTS (Peramelidae). The feeding habits of these marsupials are 
varied and little known, some of the animals bdng very rare. Offer grass, clover, 
and other green vegetation, hay, seeds, meats, Insects, bread, and eggs. 

MARSUPIAL MOLE (Notoryotldae). Mainly insectivorous, but probably also 
eats bulbs and fleshy roots and stems. Offer Insects, meat bread, vegetables, green 
vegetation, seeds soaked in water. 

CAENOLESTES (Caenolestldae). Extremely rare and little-known inhabit¬ 
ants of Andes. Not known to have been kept In captivity. Try same diet as for 
opossuma 

PHALANGEHS (Phalangerldae). This group contains some specialized feeders, 
but most of Its members eat fruit, honey, and vegetation. The koala, or Aus¬ 
tralian bear, eats almost nothing but eucalyptus leaves. The smaller Muds are 
known to eat petals of flowers, flower nectar, and Insects. If feeding habits are 
not definitely known, offer wide variety of green vegetation, fruits, bread. In¬ 
sects, and honey, 

KANGAROOS and WALLABIES (Macropodldae). Give them grass, clover, 
weeds, leaves and twigs of trees, vegetables, grain, hay, bread. 

WOMBATS (Phascolomyldae). Burrowing, herbaceous feeders. Offer vegeta¬ 
bles, grain, grass, clover, weeds, and hay. 

EDENTATES (Edentata), HAIRY ANTEATERS (Myrmecophagidae). In the 
wild, these animals feed almost exclusively on ants or termites, perhaps supple¬ 
mented with other small insects. In captivity, individuals sometimes do fairly 
well on a diet of mealworms and raw eggs and milk stirred up together. Will 
not survive chUling. 

SLOTHS (Bradypodldae and Choloepodidae). Tropical inhabitants of trees. 
Leaves, buds, twigs, and fruit furnish almost all of their food. The thr^toed 
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Elnth (Bra4j/put} bn^ pot bc^u ftticcossfuUy kept Ul eoirfLvtty^ but tbe 

^lpo-^o€d slorh ^CAo^M]C^ut> tbrlTcfl qp n ijitt of lettuce; bauatmiiL phU 

They Itke to jjo lute tbe wutcr to bathe, but Ate cailly kllSKd by <^tlllp|. 
Slothu hdng beneath limbi nftd cauuot stund upright. Tberefurep they RbaiiLd be 
provided w^th oub^tAutinl Hmbi or vluei dp wbicb to climb. 

AfiilAt>tLLOS (DosypodLiIaq, EjppbniutJdiEep Cblarnypharldoep upd ToItthto- 
Powerful d Idlers that feed almoet exelnilvely on ln»ecLn and perhAp# to 
eotrte decree oti carrion, Souiu of tbem hoTe hMP rnry rurwwfplfy kept when 
fed meaTworiuA, groupd mcetj cbg^ and mSlfe are ibi neatly toothleao m to 

be ooable to tear pieces of m^nL AimndLiEns prohably thrive befit when iierralitcd 
deeess to the ground^ Init the wnlla and bottom of the eagu lu whJeli they are to 
burrow must be of well-cotistnicled cetuout. They cuunot Rorrire cold wrother, 
rA.\aOLlNS (Monidao). Large^iLlod luhabllantR of Africa and qoutbem 
AMft. Powerful htirrowem. Feed oitilnlj oh IcaectB, EermlteoH ond finta. Have 
uot ieuemlly b»n «ueeef»friny kepi In capUrtty. allhouib some horc dope folrly 
well when fed on ineftlwcitmo, ctound picat, milk, and egga One very yyuog 
animal tbrlred Ju tho hando of a BolTor for more than a moptb on n diet of ifreea 
benoa that bad been ebewi^ by the soHdr. It ulso reealTod Rume eanued milk. 


CliO^Tlf-HOOfTJl AMraiALfl ^AHTTlODACmiAl 

CATTLEl SnEETp OOATI?, gi,D WOULD ANTELOPES (Borlduo). Feed 
crass, clorerp weeda, Isar^ and hvlpw pf trwB^ chopped re^roblcs, crulEi, And 
hay. Keep rock aalt ropatdnrty befom them. 

AMERICAN PRONGHORN ANTELOPE {AntlloedprtdaeL IVPd gniBap rJoTPr, 
alfalfB, weedSp groin p hny^ ehdppod vt^getuhlcA, and rock solt Do not generoUy 
tbrlTs In captlTlty, e^peeldlly In the eastern United StatesL Foasilhly en- 
cloHurefl and a wido rarlety of food might better multa in keeping them. 

GIRAFFE and OKAPI (OlttilBdae^. Browsing dutmals^ bnt gira^e Ore sue- 
cesflMIy kept on a diet mainly of hny, chojifped vcgelobleF. grain^ vegela^ 

tJoQ, and rock aalt. The few okHplw tlmt hare been taken Into enptiTity huve 
been fed a wide rariety of gre^^u regetatJon. hojp grftSnp and rvgetableo. Pxobablj 
require ealt. 

DEER, ERmK, MOOSE (Cerrlddc)* Feed grnj«, elorer, weeilj!^ I^Arca ntid twlga 
of trees and shnilu, hay. grain, chopped vegetables;, and rock anlt Mocwh iAlcmM} 
forugn extenalrely Jn awampq and stream bettoiius, consuming JUy rixita and 
iuarea, gnEser, I«ir«p and iwiga. Have not generally done well in eaprlvSty. 
Caribou and reindeer (J^dua^fer) do not require the aixallftl relndoer mo««w 
(Uchena. Uiadmiah dlthoagb they of nacflyilty f^d on them aneaalvety on 
thair northern rangea. 

aiOrSE r>EI!R, '(EATEB DEEB on (mmtOTAIN (Trajculldoe) Fftcd 
cldtpr, ifecdi. leaTea oA of tn!« ud ebmbs, Jay, chopiwd 

tobies and rock ualL Keep w'anu. 

CAMELS nml LLAMAS CCJUJJcUdut). Pefll gi^i vegetation, ghn piw>d vpg^ 
inbleSp hay, grain, and roek Eajt, ' 

Hods had PItJS fSiiSdne), feed clioppM Ti^ftnblea, (train ■raw w-eeda 
I«ITC* anil Iwisa of ti«*, (jMriu and other soft nnu, meat, and taeai Sami 
muer be kept waruL 

PECCARIES, {TaynKRnldac)H Same are aa hog^ 

“^1 HlPPOrOTAKU (Hlpi«l»tBtnJdaa). Be*! gnu« 

Pin'fer. hay, and a mixture of chopped vogvtahlea and (-mIh, 
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ODD'-TOED hoofed AXIMAEil (fEBUSODACTTLA) 

HOTt813S. ZEBRA R. and AftSES FewJ iroim. daTBf. wwctti, leavpa 

QDii iTJvfcga of dioppeil wirb iriTSln. bar^ and rock salt 

TApma (TjipErJiln#), FwtJ wSdu nisscirEmcnt of i(rr»« TPffototEoa, chopped tc^ 
tabl^fl w i I h gra En, hay, and Bill* Tropl ca \ anlmola; mu Ere wanntb. but wtoc Icdt^ 
v1duDl$ hnvc ihrirert oiitdiHre In nortbcra dSmACcB. OEt^ tli™ a good-alajHl [mwI 
of wann fi*oti?r. 

RUlNQCETtORER (Ebluocore Lldne}. Grueer* no a browwrs In IbH wild. Ft«V 
wldo as^rcment of greea Tegutulloui Jiayt chopped Tef?efftbles, grain, and rock 
^alt. They eijoy mnd wallow or ihawCT. Avoid cblOlng* 

EUtPHAKTS (JfBOBOSCmEAj 

EMTPHANTa (Eleptuuitldae^ Petit wide variety of green vegetation, Imr^ 
breads vegotaWee, gniLu, aad aaltn Will aurvlve moderate ooliL 

HTILVCE=l (Enre vooiBiLt) 

FTTBACSS or OEiD WOElJ> GONtES (Procavfldae). Small ereatnrefl Fap- 
pcaedly tela ted to the alephaDtoL One group lEvea Jn treee, tho otbera live 
mainly around el I IBs and roeks, P^d grass, dovcr, leaves and twigs of treeBi bay, 
cbcppetl vegctflblei, grain. 

S1RE^^IA^~S tSlEE^riA) 

aiBilNLJ^’S or SEA COWS, MANATtHE (Tricb^Cac) oud 0COONO <Du- 
fongldae). hfarlne Enbabluniit of tropical seas, feed oa mazinc and bracklali- 
water vegetation. Offer lettuce, kale^ and other fairly soft green £imxLb Lt mtiflije 
and brackleb-water regctntlon 1b not available. Moot have tank of warm 
wat«r. Wilt not aurvlve cMLUng. Have not generally been aueesfiftiUy kept- 

WKALS, POHPQTSEBj AffB DOLFHINS (CITACEA) 

WHALES, FOBPOlSESp and DOLPli£^^B. Mostly laigo marine matniaala^ 
Bonta of which are apeclaliaed feederSi. Only a few of the Gomller potpoUee 
are known to bare been kept In csptLvIty lor abort ttmcA- OecaaEonnlty pOrpoEsea^ 
dolpUnfl, and belDgaa or wblto wLalea are kept In tanka and fed mainly on dab. 

rtaksir £AT£Q3 (cmmvORA) 

uoxg. TTGEBS, LEOPAHDS, JAGUAR^, PUMAK. and SilAIXEB OVTS 
fPelEdael^ Feed meat, viscera of oulfflalA akin* httr oad fcathera, m l tk . Tbo 
smaller once will thrive beet on whole cblckeiui. pigeons* rabbits, guinea pEga* 
mice, rats, and milk. Soma of tbe caU will take baimnna and other iTOllt, also 
bread and vegetnblea. Th$ fosa of Madagascar la oo race that It La acldom iteen 
In eapHvlty. Little tft known of Ita babltn or tho b«t can for It Try igama 
treatment os fur juedlum'Slied eats. 

CIVETS. GENETS. BtNTtmONGS. and tbelr relatlvea (Vlvarrldae). Feed 
mlcOi rata, birds* meat, ladudliig aklni bale, featbarn, and glandiit liberally anpple- 
mented with fruit, vegetablea, brebdk milk, aud eggs. Oertain antmals of tbla 
group normally feod mainly on frtilta and other vcgetatlaa, and apparenUy all of 
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them nse considerable fmit They are all tropical and subtropical animals that 
require protection against cold, 

MONGOOSES and their relatires (Herpes11dae), Feed meat with skin, hair, 
feathers, and glands; small birds, mice and rats are particularly good. Some 
of this family are especially fond of snakes^ and others like crustaceans, such 
as crayfish, shrimp, and crabs. Also otfer fruit Tropical and subtropical 
animals that require protection against cold* The importation of mongooses 
into the United Stat^ is prohibited by law, 

HYENAS (Hyaenidae). Feed the large brown, spotted, and striped hyenas 
meat with skin, hair, feathers, and plenty of bones* The aardwotf has weak 
Jaws and small teeth, and is primarUy an insect eater. Feed It cooked ground 
meat, insects, eggs, and try mice and small birds. 

DOGS, WOLVES, COYOTES, and FOXES (Canidae)* Feed meat with skin, 
hair, feathers, bones, and viscera ; also fruits, vegetables, bread, milk, and eggs* 
Much has been written about the care of dogs and fores. (See bibliography.) 

CACOMISTLE, RINGTAIL or BASSABISCUS (Bassariscldae). Feed meat, 
mice, small birds, insects, and some fruit and green vegetation. 

RACCOONS, (XIATIMUNDIES, KINRAJOOS (Procyonidae). The klnkajous 
will thrive best on fruit, boiled sweet potatoes, eg^, and some meat, including 
mice and small birds. Raccoons and coatlmundiea will eat meat, fish, frogs, 
occasionally snakes and lizards, fruit, bread, and some vegetable materials, such 
as corn in the milk, acorns, and boiled sweet potatoes. Klnkajous and coatl- 
mimdies are tropical animals and should not be subjected to chilling* 

PANDAS and LESSER PANDAS (Alluridae). Feed the lesser pandas meat, 
eggs, bread and milk, fruit, honey, bamboo, grass, clover, and other green vege¬ 
tation* The large panda Is generally supposed to feed mainly on bamboo, but 
is apparently almost omnivorous, and should be offered a wide variety of vege¬ 
tation and fruit, milk, and some meat 

BADGERS, MARTEN, SABLE, SUN BADGERS, SKUNKS, OTTERS, and 
their relatives (Mustelldae). These carnlvorea eat a wide variety of food. 
Feed whole mice, rats, birds, meat with hair, feathers, viscera, and hones, 
insects, fruit, some green food, soft nuts, bread, mUk. Many of these animals 
consume quantities of insects and crustaceans; also some fish, frogs, and 
snakes. Otters have been generally supposed to feed mainly on fish and crus¬ 
taceans, but the most succcessful otter keeper has found that they thrive best 
with a wide variety, such aa crayfish, frogs, snakes, worms, Insects, and a 
limited amount of fish. Sea otters have not been kept In captivity. They feed 
mainly on s^ urchins (Echlnodermata), mollusks (MoUusca), and smaU 
amounts of crab, mnasel, fish, as well as other marine animals and some marine 
plants. 

BEARS (Urddae). Omnivorous. Feed meat with skin, hair, feathers, vlBcera, 
and bones. Insects, fish, liberally supplemented with fruits, grass, clover, and 
other vegetation, Including acorns and other soft nuts, bread, milk. Fond of 
honey and other sweets, which may be given In moderation. In temperate and 
cold regfocs they should be permitted to hibernate quietly In a secure den suffi¬ 
ciently Insulated and provided with bedding so that there is no danger of their 
being subjected to freezing temperature. Captive bears in general do not raise 
their young (which are bom whUe the mother is in hibernation) unless th«v 
can have auch condlticns. 

S E ALS ; SEA HONS, WALRUSES (PINNIFEDIA) 

SEA LIONS, SEA BEARS, EARED SEALS, AND FUR SEALS (Otarildae) 
Feed almost exclusively on flsh and squid. Sea lions fed on fish are readily kept 
In caplUvity. Fur seals have not generally thrived- Should have large pool 
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WAXJIUSES (Odub^ldue)^ Walrusw inaJuJ^ vmi CiBUuil auil other moUqfits— 
poBsIhlr cithf^r mirLne Btilmiiiii Rud perhspei |iluut4. Eu^e mit 

|[fnernllr Iihq macceEsfalij kirpt Id cnptlvU^, AlthuDdh AnitnaJj hBve 

oEi milk oiid £Eh for a few moDthd. 

EABLEST or IIAIE SEAI^ (Fkoiidue), Tbs cmb es tldF seal at tho AuCarctlC 
f«€ds mfiEitly on umaU miELaceaxui, but bas nurrlved for m f^w mouttu In. cap- 
OrEtr wtl^n EmBli pieces cf tuh. The mnaJuLuf svals are prlzoarlLy Eiih 
fii^cn, and do waU on m pnrely ll^ili dEetp altbon^ Sam# wlU oocaslanilly tok# 
btrdA And w^arm^blDoded imSmaLa. iiboiild hare pooL 

IfeQDl:;^^:s or gnawxrs (noDRiriAj 

TREE SQUIERELSh SOUIRRELS. CHIPilU^'E:3, SPERMO- 

ruiLEii. ^lARMOTS, and PRAlHIE IfOGS rSdnrlOD^}, Fwd u wide Tnrlptv 
of vecatabl# matcrlnl, vmb as huIUh acorus, iCtic seeds, bark, Iwl^sfr iesvea, fniiU 
gDHOi gni£3« clover, weeds, roots sucb ua beeb^ carroU, sweet potatoes and dried 
tnalctrlsls such as bay, sralnB, seedsL ^ms meat and bones wLLh nr without 
meat ^nnld be cnniirLantJy araJJablB for them to gnaw to wear down their toetii. 
tnnKrtFJ are relliibed by maby^ Young f»iulrrolit and otham of Uila group bavo 
been socceafifully mtwd with oats as fosier mothora Nuinoro^tA requiLsta are 
ttcelved as to bow to raise young EuiiilrroiR. No known motbod ia wetl tested; 
but the fftUowtug formula for biuimo bAbles baa been used with erceUent auc- 
ecaa in some InstanecA; 3 iMirifl whole milk (unjiaBEeiirizfcJ), 1 t^rt prune Juice, 
1 pvrt water, n very small ntnotmt of calclnin gltieonnte or other Insert 
A little beucea egg la added about vrtsy other day; and it has been miRKC^ced 
that tho fiddltiou cf a very ftToAE amount of the tltnmin B aud a drop 

of Tloaterol might Itnprcve the fotmtila. Very ycuiig SQuUtei^ should bo fed 
shout oiery 2 hours with an eye dropper or a doU iiunalug nipple. When they 
are ready to take some solid focnj, give uncooked roHeO oats, eiceds of maple 
sod elm Slid oilier soft seeiht, al^ lattLjcc, grapes and ether fruit, cmrrots, bread, 
and, later, niit& 

Some HiulrrelB are trupical and will not atnnd (diElIlDg. Uthen era hardy. 
Always provide nest boxes with plenty of nesilng materln]; \ likewise tr^tm and 
branehee with rougb hath, and exenclse wheoJjL 

POCKET GOPHERS (Gcomyidfie). Feed green or dried grass, clover, weedo^ 
vege tables such as enrroiij, fiweet potatoca, b^ts, seeds, hone, and wood an whi^ 
In gnaw^ These rodents are burro wars that rurely come to the FurTace of the 
ground- Unless they hav^ dirt iti which to dig, they geaernUy do not Ibrlve. 

KAiyOAROO RATS, POCKET MICE, and SPiNY MICE IHotsiomyldaa). 
Feed assorted seediS, small amouala of Tegetsbles, green and dried Tegetadon, 
and broad. All of them ahould huve One, clean laand mnstantlj boforo thorn 
with which to keep tlielr fur in good oondltlom Thoy onjoy rannlog exerel^ 
whsols. Several membeia of this group twcom# dellghtfui pets. 

RUlAYERS (Cafiforldae). Feed twlfs and limbs of a wide varfotj of trees and 
sbmba, but jircfemhly of nspon or eottonwood ; also grass, clover, weeds, bread, 
flud vc-guUiblea. Shuuld havo ft tank of water, but miwt bnve a well drained 
place on which to diy their fur and dJso a . nest den. They musL have plenty 
of wood on which to gnaw to keep their ihclsors wuru down. Even tban, the 
tcelhi of cmptlvo boaverfi gamorlmea require cutting. 

UORMIfTE (Museardiuldne) ■ Food Hamo food agliatod for 6qiilrre1s nod ndec- 

MOU^I^TKE CREATURES (Cr^eetldne), This family cantuins many alttac- 
tlvo and lutcrnfitluig iitUc rodeuts whose eqmbloed rapgetf embmeu almoiit the 
CD tire werliL The linhlla of muny nrlcetlufia are not well known, but some of 
Chose animals can tm auocaasfully kept when fed with a canMdorable variety 
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of seeds, vegetables, green vegetation, fruit, and meat, and supplied wltb bones, 
wood, cardboard, and other material for keeping their teeth worn down. Nest 
boxes should be well supplied with nest materlaL Animals from the Tropics 
should not be subjected to cdiilling. 

MAL A BAR SPINY MOUSE (Flatacanthomyidae). little-known Inhabitants 
of southern India and Cochin China, and not known to the author to have 
been kept In captivity. Try same food as for Cricetldae. 

BAilBOO RATS (Hhlssomyldae). Feed vegetables, green leaves and stems, 
hny, seeds, fruit. Must have wood or bones to gnaw. May consume some meat. 
Inhabitants of the Tropics; should not be subjected to cbllUng. 

MOLE RATS (Spalacidae). Same care as for bamboo rata 

MICE and BATS (Muridae). This very targe family contains. In addition 
to the well-known house mice and house rata, many attractive and interesting 
animals that inhabit most of the Old World. The habits of some kinds are 
little known, but many have been succes^ulty kept by the same care as out¬ 
lined for the mouselike creatures (Cricetldae) > Those from the Tropics should 
not be subjected to chilling. 

AFRICAN DORMICE (Qrapbluridae). Not known to the author to have been 
kept in captivity. Try same materials suggested for Cricetldae—the mouselike 
rodents. 

MOUNTAIN BEAVER, SEWELLEL (Aplodootildae). Almost all of the nu¬ 
merous efCorts to keep It in captivity have resulted In prompt failure. In the 
TvUd the animaL inhabits a very humid region and feeds on a wide variety of 
vegetation, burrowing Into hillsides for shelter, but spending much time ou the 
surface of the ground or in low vegetation. 

LARGE AFRICAN *‘FLYING^’ SQUIRREL (Anomaluridae). Not known to 
the writer to have been kept in captivity. Try foods similar to those of tree 
squirrels. 

DWARF or LONG-TAILED AFRICAN “FLYING” SQUIRREL (Idlurldae). 
Not known to the writer to have been kept In captivity. Try foods similar to 
those of ti'ee squirrels and mouselike creatures. 

JUMPING MICE (Zapodidae). Feed seeds, green vegetables, grass, clover; 
provide with plenty of n^t materlaL Must be given facilities for blbematlng in 
winter. 

JERBOAS and their relatives (Dlpodldae). Feed aborted seeds, bread, and 
small quantities of green vegetation such as lettuce, and vegetables. Should 
have fine, clean, dry sand constantly available to keep fur io good condition* 

AFRICAN JUMPING MICE or GDNDI (Ctenodactylldae). Not known to the 
author to have been kept in captivity* Try same treatment as that reconunended 
for the Crleetidae—mouselike and ratlike creatures. 

AFRICAN JUMPING HARE (Pedetidae), Feed vegetables, lettuce, grass, 
clover, and other greenery; also grains and hay. 

CAPE MOLE RATS, or NAKED SAND RATS (Bathyergidae). Feed vege¬ 
tables, lettuce, grass, clover and weeds, seeds, and plenty of live roots; also give 
them bones and woody plant stems on which to wear down their teeth. These 
are burrowing rodents of the Tropics, some of them practically naked. They 
should have soil In which to burrow and a uniformly warm temperature, 

OLD WORLD PORCUPINES (Hystricldae). Peed vegetables, greenery, some 
hay, and keep well supplied with wood and bones so they can keep their teeth 
worn down. Animals of the Tropics; should be fairly warm. Unlike the Ameri¬ 
can porcupinea, they are not tree climbers. 

AMERICAN PORCUPINES (Erethizontidae). Feed vegetables, grain, and a 
wide variety of twigs and leaves, and, for the North American porcupines, there 
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eBoBtU be a generous inclusion of spruce, flr, and pine twigs. Should have heavy 
trees and limbs to dimb. 

SPINY RATS (Echlmyldae), Feed the same as mouselike creatures 
(Cricetldae)* 

AFRICAN ROCK RATS (Petromyldae), Not known to the author to have been 
kept in captivity. Try feeding like Crlcetldae, 

NUTRIA or COYPU (Myoeastoridae), Feed grain, vegetables, green vegeta¬ 
tion, hay, including an abundant supply of twigs and limbs so that they may keep 
their teeth worn down. They need a pool in which to swim and dry land on 
which to sun themselves; also a nest box. Now being extensively raised In cap¬ 
tivity for their fur, 

HUTIAS or TREE RATS (Capromyldae)* Feed grain, vegetables, green mate¬ 
rial including twigs and branches so that they may keep their teeth worn down. 
Should have heavy, rough-barked trees and branches on which to climb, 

AFRICAN POUCHED RATS (Tbryonomyldae), Feed similarly to Murldae 
and Crlcetidae. 

BEANICKS BAT (Dinomyidae), Very rare, but can probably be kept in 
captivity by being fed chopped vegetables, grain, green vegetation. Possibly win 
eat some dried green material such as alfalfa hay. 

PACA3 (Cunlculldae), Feed vegetables, green material (includiug twigs and 
limbs), hay, grain, and meat Supply bones for gnawing, 

AGOUTIS (Dasyproctidae). vegetables, green material, dried vegeta¬ 

tion, Supply wood and bones for keeping their teeth worn down. 

TISCACHAS and CHINCHILT.AS (ChtnchRlldae)* Feed grains, vegetabiee, 
green vegetation, Supply wood and bones for gnawing. 

SOUTH AMERICAN CHINCHILXA RATS <Abrocomyldae). Try feeding 
same as Crlcetidae, 

GUINEA PIGS and CAVIES (CavUdae), Feed grain, vegetables, greenery, 
hay, meat. Supply bones for gnawing. 

CAPYBARA (Hydrochoerldae), Feed grain, vegetables, green material, and 
meat Supply wood and bones for gnawing. Should have pool of warm water 
in which to bathe, A tropical animal and should not be subjected to chilling. 
The largest of living rodents. 

HARES; RABBITS, AND PIKAS t LAOOMOEPHA) 

HARES and RABBITS (Leporldae), Feed vegetablea, green vegetation, hay, 
grain, and aalt. Certain animals of this group are now extensively raised, 
while other wild ones are almost never snccessfully kept in captivity. Scrupu¬ 
lous cleanliness, and the keeping of the animals in eoarse-mesh wire-bottom cages 
or In large pens, might faetUtate the successful keeping of some of the more 
delicate kinds, (See bibliography.) 

PIKAS (Ochotonidae). Animals of the higher monntains of the Northern 
Hemisphere. They have not been much kept in captivity. Try same methods 
as outlined for rabbits and hares. 


AAED-VAHK (TUBULIDENTATA) 

AARI>‘VAEK (Orycteropidae). Feed insects (such as mealworms), milk, and 
eggs. 


iNSEcnvoEEs ^msEcrryoRA) 


Many of the insectivores are very small, nervous creatures that have not been 
successfully kept in captivity. &ume of them must eat almost contlanously or 
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they will starve to death. Therefore, food and water should be left before them 
almost constantly. 

TREE SHREWS (Tupalldae>. Feed Insects, such as mealwonusp waimoths 
and lan-^ae, ground meat, eggs; also try ripe bananas, and other fruits. Tropical 
HntTnnR that will Bot snwive chilling, 

ELEPHANT SHRE3WS (Macroscelididae), Feed mealworms and other 
insects; also meat Try eggs, ripe bananas, and earthworms. Tropical animala 
Must not be chilled. 

GOLBEN MOLES (Chrysochlorldae), Feed insects, earthworms, meat, eggs; 
also try green material, vegetables, and fnUt 

HEDGEHOGS (Erinaceldae). Feed mealworms, ground meat, earthworms, 
mlllc, eggs; may take some fmlt and green food, 

MOLES (Talpidae), Feed mealworms, earthworms, ground meat, eggs, milk; 
make available small quantities of seeds that have been soaked in water, and 
small quantities of green vegetation and vegetables. Moles are burrowing 
animals, and apparently soon fret themselves to death if they cannot burrow 
or at least keep themselves well sheltered from Hgbt They are most likely to 
thrive if the ecO is lightly moist, but not wet. 

SHREWS, WATER SHREWS, SDN SHREWS (Soricldae), Feed mealworms, 
earthworms, ground meat, milk, rolled oats, eggs, nut meats; offer thoroughly 
rlx)eiied bananas, tender green vegetation, vegetables, seeds soaked in water. 
Shrews are burrowers, mostly inhabiting moist locations. They should be given 
water In which to bathe or swim, and moist moss in which to seek shelter, but 
should have a dry nest 

SOLENODONS (Solenodontidae). Feed Insects, mealworms, earthworms, 
ground meat, eggs, milk. Burrowing animals that probably thrive best If pro¬ 
vided with soil in which they can burrow. Should not be subjected to chilling. 

TENREC (Tenrecldae). Not known to have been kept long In captivity. Try 
feeding same as shrews. 


CX)LUGO (GALEOFITHECIA} 

COLUGO or FLYING LEMUR (Galeopithi^idae)* Not known to the author 
to have been successfully kept in captivity. Presumably omnivorous. Offer 
insects, ground meat milk, bread, thoroughly ripened bananas, and other 

fruits: also good assortment of green vegetation. Inhabitants of the Old 
Tropics. Chilling must be avoided. 


BATS AND PLYING POXES OR FSDTT BATS (CHIROPTEEA) 

FRDIT BATS or FLYING FOXES (Pteropidae). Feed bananas, oranges, and 
a wide Taiiety of fruits. Perhaps will take some meat and eggs. The importa¬ 
tion of fruit bats into the United States is prohibited by law. 

INSECTIVOROUS BATS (Rhinopomtdae, Emballonuridae, Noctllionidae, 
Nycterldae, Megadermidae, Rhlnolopbidae, Hlpposiderldae, PbyRostomidae, 
Natalldae, Furlpteridae, Tbyropteridae, Myzopodldae, Verpertl lion Ida e. Mysta* 
copidae, Molossidae), Mainly small insectivorous bats, most of which occur in 
the Tropics, although some of them range extensively through the Temperate 
Zones and even into the sub-Arctic region. Very few have been kept In cap* 
tlvlty; hot the success that has attended the keeping of some kinds Indicates 
that others might be kept by similar methods. The author kept a big brown 
bat (Eptcaicaw) in bis home. The animal was shut in a cage during the day¬ 
time, but each evening It was given an opportunity to fly about the rooma 
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Others of the same geims have beeo kept In the National ^ological Part for 
more than 2 years* The anthor’s hat and those kept in the National Zoological 
Park have been fed almost eiclnslvely on mealworms. Other people have had 
fair success when they fed various insects or meat Cheese^ cream, and dog 
food have likewise been found satisfactory. It would he a good plan to offer 
well-ripened bananas and other soft fruit to any captive tropical bat as some of 
them probably consume such material in the wild, in addition to their principal 
diet of insects. Some of the Insectivorona bats are known to be carnivorous, 
killing and eating other bats and small birds. Some also eat flower petals. 
Water should he available at all times, as they drink frequently and copiously, 
A slightly moist atmosphere appears to be favorable to all bats, and many are 
inhabitants of the exceedingly humid Tropics* If the bat is to remain active, 
the temperature should not fall much below tO®, as bats either hihemate or 
migrate to avoid cold weather. If they are to hibernate, they should be 
maintained In a temperature of between 40® and 50“ with very high humidity, 

VAMPmE and FALSE VAMPIRE BATS (Desmodontidae). Can be success¬ 
fully kept when fed deflbrinated blood, or fresh uncoagulated blood* Keep in 
uniformly wurm temperature, 

FISH-EATING BATS (Noctllionldae), Bats of this family catch emaU flsh 
and perhaps insects from the surface of the water. Try feeding tiny fish or 
small pieces of fish, Insects, meat They may also eat some fruits. 

IiEHUBS, MONKEYS, APES (PRIMATES) 

Most monkeys do not survive chilling, but a few can withstand moderate 
winter weather. Some individuals of species from the Tropics become hardy 
and spend much time outdoors in winter if they are given tbe opportunity. 

AYE AYE (Daubentonildae). An Inhabitant of Madagascar, uncommon In 
the wild and exceedingly rare in captivity. Apparently feeds mainly on insects, 
but probably also eats fruit. Natives say it eats bamboo. Try feeding Insects, 
ground meat, eggs, fruit, leaves. 

TABSiUS (Tarstidae), Feeds mainly on insects, and probably also eats fruit 
Try feeding Insects, meat (raw and cooked), eggs, fruit, some soft green leaves 
such as lettuce. 

LORIS, SLOW LOEIS, POTTO, GALAGOS, and LEMURS (Nyctlcebldae). 
Apparently omnivorous in the wild. Feed Ineects, meat both raw and cooked, 
eggs, fruit, green vegetation, seeds, milk, bread. 

MARMOSETS (CalUtricMdae), HOWUNG MONKEYS (Alouattldae), NIGHT 
MONKEYS (Aotidae),CACAJOUS, OUKARIS, SQUIRREL MONKEYS, SPIDEE 
MONKEYS, WOOLLY MONKEYS, CAPUCHINS (Cebidae), BABOONS, 
MACAQUES, VERVETS, ORIVETS, PATAS, LANGURS, and COLOBUS (Cer- 
copithecidae), Almost omnivorous in the wild. Feed the widest jmssible 
variety of fruits, vegetables, lettuce, cabbage, kale, sweet potatoes and other 
root vegetables, meat (cooked and raw), eggs, bread, milk, leaves, seeds and nuts 
that are not too hard for them to open. The langurs and colobus monkeys are 
primarily leaf eaters and win consume a higher proportion of leaves of a wide 
variety than most of the other monkeys. It is well to vary the diet from day 
to day. 

GIBBONS (Hylobatidae), ORANGS, CHIMPANZEES, and GORILLAS 
(Pongiidae). Feed similarly to the preceding famines. Young animals should 
be given practically tbe same care as babies and young children. 
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BIRDS “ 

XWTEVTnlOH^IFQEMllAf GTRUTHlONItJAE) 

( SkTTKlFOltUE^, KHPrUAEl 

OABaOWAOlES A?fU RJkfUB (CASUARUroEJtKO; CAStTARttnAEj nROMlOEIlDAE I 

Bird? tMat aro mpnd^erq of tUis four lUitcd hIh^tc con Ije kept under 

e^ntialJr uolfonii treotmeot Xbey cut vc^tuOleOp sweet potatfHJOp cOtruto* 
wklte potutceUp aijplesp and iwmr fonn of Eood eucIi an kale, cobbo^r or 
atfolfu baj-p ^Odnd or cut into pkoea oLioiit tbe site of a umu's tbumb- To 
such mlzituro mfty be added “beor bread" cut In l-icch cubco; nls^ small atones 
ond oyster Obeli ae grlin Supo^y weler for drinking. Hnixiu eojoy batblok oud 
fibould bore a pool of aoflieleut el®e. Osirlebcs are fomi of dust batba. 

RlWIfl lAPTmTOTPOHME^, APTEBTOIDAE) 

Noetnron] birds. Feed lo tbe erealas by burying mcDlworma or Enial] aLripi 
of tcent ttbo alec of ati earthworm) In tbn soli on Lbe door of the esfe. Tbc 
bird probes for its food. Tbts mstbod Is used in tbre- Zck) In Wellingtoa, New 
^Innd- 

TENA3fOtja ^IINAMIFDILMES, TINAMIDAE) 

EVed gralu^ ground bread, green food, luedwtruSp and a plueb of ^rround 
ment. 

I^'OTJlNB tSPHr^NlftCTTOEMia, BraXNTSCTDAEl 

Spcclallied feeders; (tome eat aroall Cmstaccn (Entboalajp wbicb form a red 
Lbln scum on tbe Antaretle Sea {Mim Sen) known as krfU to tbe wlmlers; this 
feed la imponaibL# to stipplj or imltato Jn captiTlty. The large nnd tnedlnm- 
alsced penguins do fairly well when fed fish cut into atrlpA abottl 3 Inches long 
end U-Lneh wide, with the Terlebrna removed. It Ls desirable to (wnk the flab 
uccnalonnllj In cod liver oil The Juclmss penguin will cat some oytttcr sheila 
The Antarctic penguins are nccustomed to rery low temperncure and nil of 
them appear to be partleulorly annecptEble to rssplrotory InfecUoos. It is 
therefore deslrnble to prvrJde them with artiflctnlly wled rooms (pL 2^ fig. 2>, 
the nJf of which Is frequently ehangf^l by the Introduction of air that has l>«tn 
flJtered to free It of dust and mlero-orgflftSsms. and from which moat of ihe 
moEstnre bus been removed. This type of elite abould be prorlded continuously 
frflin the lime the birds am brought to temperate rcgloai The throat Infwtlou 
to which penguins m snbject is eanaed by mold of a type that grow? fiwiy 
on hay and straw, Stidi bedding should be kept awny from them until they 
are in their pezmnocul qnurtnra and eron then sbenjld be lulrDdiircd only 
when needed ad nesting nmterial and only after h bon beet* objected to rreav 
ment that will kill the tpures of the plant. The blaek'rwled or Jackass pen¬ 
guins do fnlrly wcil In enpHrity In the Temperate Zone without elahamle 
IhclIltJes for thelf cure. They appear to thrive beat la lemporatiires rangljig 
from about to 60'. The QstApQgoa penguins do not require artlflcUii cwl- 
logf ns they are neeustomed to live an desert khiads nt the Uqtiobor, 

iitbt ell Should be to pracdcoily ill hlrdi ibit are k^pt Indoeni. 
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LOONS tGAVHPORMES, GAVODAE) ; GREBES (COLTMBlFOEMESj COLYMBXDAE) 

In the wild these birds eat mainly flsh and small agnatic animals. Althougli 
common In the wild, they are so mre in collections as to Indicate that the 
proper procedure for successfully keeping them has not been hit upon. It is 
possible that If they were supplied with large tanks or pools in which they 
could feed on mnall live fish, and perhaps were given some finely chopped or 
ground green material, such as lettuce or bale, they might be kept successfully. 
Most of the loons that are brought into 200 s have been captured on the ground 
where they have failed in making migrations. Therefore, it is possible that 
these captives are Injured or in poor health. If healthy birds were captured, 
or young taken, they might be kept successfully. 

ALBATROSSES, BHIL\HWATERS, PETRFXS, AND THEIB ALLIES 
(PEOGELLARIIFORSIES ) 

These are oceanic birds that fiy a great deal and obtain minute crustaceans 
and perhaps other small life from the surface of the ocean. The albatrosses 
are, to some extent, scavengers and will devour re^e from ships* galleys after 
the manner of gulls. They are almost never kept In captivity. If one would 
attempt to keep these birds in captivity, he should provide them with a pool 
of salt water in which to swim, and offer them meat, shrimp, crab m^t, cray* 
fisb, or other Crustacea, aU finely ground, fed to them on the water. They might 
he Induced also to take other foods, as Is suggested by the ohservatlons that the 
albatross will feed on ships* refuse. It should be remembered, however, that 
the mouths of all the birds of this group are small, and food for them must 
be In very small pieces. 

TROPIC-BIRDS, PELICANSj GANNETS, FRIGATE-BIRDS (PELECANIFORMES) 

TROPIC-BIRDS (Phaethontidae). Feed small fisb, or strips of fish, dipped 
iu cod liver olL Provide them with a pool of water. Do not allow to be chilled. 

PELICANS (Pelecanidae). Thrive on a wide variety of fish, either small 
ones weighing about a pound, or pieces of large fish cnt up. They take the fish 
freely from the hands or when tossed to them, and will also take them from 
the water. The average pelican will eat from S to 4 pounds of fish a day, but 
care must be taken to prevent them from overeating and 1 day’s fast a week 
is desirable to keep them in good condition. Pelicans should have a good- 
slxed pond for swimming and bathing, and some ground area. They will neat 
and rear young. Bo not subject to freezing. 

BOOBIES and GANNETS (Sulldae), CORaiORANTS (Phakicrocoracidae), 
SNAKE-BIRDS (Anhingidae). Feed small fisb whole thrown Into the water, 
or pieces of larger fish cut into strips roughly an inch In cross section and 3 
to 4 laches long. Provide with pools or tanks with a little land to rest upon, 

FRIGATE-BIRDS (Fregatidae), Powerful fliers of the high seas, rarely kept 
In captivity. Most likely to thrive if kept In a large flight cage containing a 
pool of water. Can be fed on the wing by tossing to them fisb which they will 
catch In midair. If such a cage cannot be provided, it Is sometimes necessary 
to hand-feed them, or they may take the fish from the surface of the water. 

HERONSj ^OEKS AND THEIR ATXTES tCICONDFORMES) 

HERONS, BITTERNS (Ardeldae)* Feed fish, frogs, meat, mice, some 
ground bread and green food. Hiese are wading birds that obtain much of 
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their food In the shallow water of streams and ponda If plnioDed^ they can 
he kept in fenced enclosures with pools, or they may be kept in cages. 

WHALE-HEJJDED STORKS (Balaenlcipitldae). Habits and food similar 
to the abore. 

HAMMERHEADS (Scopidae), STORKS and JABOIUS (Clconlidae), IBISES 
and SPOONBILLS (Tbreskloniithldae). Should be glTen a wide variety of 
food, Including fish, meati gronnd bread, finely chopped green vegetation and 
v^tables. These birds are waders, but they will take their food from solid 
surfaces. They can be kept pinioned in fenced enclosures, or In cages. 

FLAMINGOES (Phoenicopterldae), Specialised feeders that obtain their 
food while wading In shallow water. They subsist mainly on small Crnstacea 
and ottier minute animals found In swampy regions. Can be succes^uliy kept 
In captivity on a mtxture of bran, rice, wheat, bread emmbs, crab meat, crab 
scrap or ground shrimp, and bone meal. These materials should be in small 
particles raised together and fed In shallow water so that the birds can obtain 
it by straining It out as they pump the water through their beaks. 

SCREAMERS, DUCKS, GEESE, SWANS (aNSERIFORMES) 

SCREAMEiHS (Anhimidae). Feed mixture of grains, bread crumbs, chopped 
green vegetation and vegetables, with a small amount of ground meat. Can 
be kept in large fenced enclosures If pinioned, or in cages. Should have ponds 
in which to wade and swim. 

DUCKS, GEESEl, and SWANS (Anatidae). Require same food as the scream¬ 
ers, but take less meat A flock consisting mainly of geese and swans should 
be fed proportionately more green food than is required by the ducks. Should 
have good-sisied ponds or pools. Mergansers are flah-eating ducks that thrive 
best if they are given a plentifol supply of small live flsh to catch. Will some¬ 
times survive on a diet of flsh cut in small strips and meat finely ground or cut 
The sea ducks, such as the elders, scooters, and harlequins, consume a conslder- 
ahle variety of small animal life and also some vegetable material. Not gen¬ 
erally kept in captivity j but with care might survive on flsh, meat, crab scraps, or 
shrimp, clams, bread crumbs, some soaked grain and green material, all ground 
together. Should have large, deep pools In which to dive. 

VULTURES, HAWKS, FALCONS (fALCONITOHMES) 

All the birds of this order will eat either meat or flsh or both. The larger 
kinds can be fed meat In large pieces or on large bones. The smaller kinds 
thrive best on whole small animals, such as rabbits, pigeons, mice, or sparrows, 
and the larger ones should have such food at frequent Intervals, in order to 
obtain the fur, feathers, and viscera, which appear to be essential to their 
welfare. Bald eagles are particularly fond of flsh. Tultnres thrive on fresh 
meat, and there Is no reason to give them spoiled meat Ospreys feed almost 
exclusively on fish. 

MEOAPODES, CUHA880W8, PHE,\8ANT8, HOATZINS, CHICKENS, TOBKETS, 
GROUSE, PEACOCKS, QUAILS, GUINEA-FOWL tGALUFORMES) 

Feed a mlrtnre of grains, green feed, ground meat and fruits, especially 
bananas. Mealworms and other Insects and mice are relished. Supply crushed 
shell, coarse sand, or fine gravel for grit Dust baths should be provided. Size 
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of euclosnres can range from cages to yards with moderate-height fences^ pro¬ 
vided the birds are pinioned. Ample ground area for exercise is desirable; also 
plenty of atinshine. Some of these birds are hardy inhabitants of rigorong 
climates; others are natives of the Tropics and cannot survive cold weather. 
There Is an extensive literature regarding the raising of many of these birds. 
See bibliography for a few citations, 

CRANES, RAILS, AND ALLIES C GRUIFORMES) 

BUSTARD-QUAILS (Tumicldae), COLLARED BKMIPODES (Pedionomldae). 
Feed same as cranes, rails, coots, and gailinoles. 

ROATELOS and MONIAS (Mesoenatidae), Feed same as cranes, rails, coots, 
and gallinules. 

CRANES (Grnidae)* Feed a mixture of grain, chopped or ground leafy mate¬ 
rial and vegetables, bread crumbs and meat. They also enjoy mice, lizards, 
and insects, and some take a amall amount of hsh, 

LiaiFKINS (Aramidae), Same as above, 

TRUMPETERS (Psophlidae), Feed same as poultry. They easily become tame 
enough to eat out of one's hand. 

RAILS, COOTS, GALLINULES (Rallidae), Feed finely cut or ground mixture 
of meat and fish with a smaU amount of grain, plenty of green feed, and bread 
crumbs. They are not primarily grain feeders nor fish eaters, eo there must be 
a plentiful supply of green food and all of the material should be finely divided, 
as the mouths of the birds are small. Some swim and wade extensively, so 
should have ponds. Others prefer to perch and spend little time on the ground 
or water. 

SUN-GREBES (Hellomithidae)* Give same food as for Gruiformes, but it 
should be ground or chopped more finely. 

KAGUS (Rynochetldae), SUN BITTERNS (Eunrpygldae), Feed fish and a 
mixture of meatj green vegetation, bread crumbs, mice, mealworms, and small 
pieces of bone. 

CARIAMAS (Carlamidae), Feed grain, meat, bonemeal. Mice and young 
or small birds, such as sparrows* are essential for the fur and feathers, 

BUSTARDS (Otididae). Feed meat and a mixture of green feed, bread, and 
grain. The birds of this order can be kept in cages, but thrive best In large 
outdoor runs. 

SHORE BIRDS, GULLS, AND AUKS (CHARADEHFOBMES > 

JACANAS (Jacanidae). Tropical marsh birds that probably feed mainly 
on insects, insect larva, small fish, and green material. No information is avail¬ 
able to the author as to the keeping of these birds in captivity. Try mealworms, 
and finely ground meat, green vegetation, and shrimp. 

PAINTED SNIPE (Rostratulldae). Feed the same as rails. These birds 
probe in the earth to find their food. Worms are essential, 

OYSTER CATCHERS (Haematopodidae)* They frequent ocean beaches* 
where they pick up a wide variety of small animal life and perhaps some plant 
material. In captivity feed small pieces of fish, worms, bread crumt^, green 
leafy vegetation. 

PLOVERS, TURNSTONE, and SURPBIRDS (Charadrlidae). Inhabitants 
of seacoasts and streams, lakes, and ponds. Some live on tbe drier uplands. 
Offer a wide variety of fish, meat, grain, green food, bonenaeal, crab meat, 
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crab scraps, or sbrimp—all ground, as tbe mouths of the birds are rather smalL 
Mealworms are particularly relished by the birds, 

SNIPE, WOODCOCK, and SANDPIPERS (Scolopacidae). Tbe feeding hab¬ 
its of the snipe and sandpipers are somewhat similar to those of tbe plorer and 
the tumstones. Woodcocks are specialized feeders that in the wild live largely 
ou earthworms obtained by boring into the ground with their long beaks which 
have flexible tips that open in the ground, grasp tbe worm, and pull it out. 
They are rarely kept In captivity, but a few have survived when fed mealworms 
or earthworms in earth. Finely cut strips of meat, mealworms, and earth¬ 
worms might be placed in earth to tempt them, 

AVOCETS and STILTS (Hecurvirostrldae), These beautiful birds inhabit 
the shores of shallow lakes and alkali ponds. They feed on minute animals 
such as tiny shrimp, brine shrimp, and other forms; probably they take some 
plant food as well. They are not known to the author to have been kept In 
captivity; but it seems probable that they might survive If given mealworms, 
meat, fish, shi’lmp, crab, and a variety of green material finely ground and fed 
in water. The birds spend much time wading and swimming and should be 
provided with shallow pools and plenty of grouud on which to exercise, 
PHALAROPES (Phaiaropodidae). These little swimming, snlpellke birds 
might thrive on the same mixture suggested for avocets and stilts, but they 
have rarely, If ever, been kept In captivity. 

CRAB*PLOVERS fDromadidae), Feed same as shore birds, 

THICK-KNEES <Burblnldae), Peed a mixture of ground or finely chopped 
fish, meat, seeds, bread, green vegetation and mealworms. 

PRATINCOLES and COURSERS (Glareolldae). Feed sapie as shore birds. 
SEED-SNIPES (Thlnocoridae). Feed same as shore birds. 

SHEATH-BILLS (Chlouidae). The birds of this family have not to our 
knowledge been kept In captivity. They Inhabit the southern shores of tbe 
Southern Hemisphere and their habits appear to be somewhat between those 
of the gulls and petrels. It is possible that they could be successfully kept by 
offeriug them mixtures of ground or finely chopped meat, fish, mealworms, 
shellfish such as clams, crabs, shrimp, and some green food, fed on or in 
shallow water. They should have ikm>1s in which to bathe and swim. 

SKUAS and JAEGERS (Stercorarildae). Feed small pieces of meat, mice, 
small rats, small birds, and fish. They should have a pool in which to bathe. 

GULLS and TERNS (Laridae). Feed fish, mice, fruit, meat, bread. Pool 
for bathing. 

SKIMhIERS (Rynchopldae), Feed fish and meat. Should have plenty of 
water for bathing and swimming, and some shore space, 

AUKS, AUKLETS, and MURRES (Alcldae). These are heavy-bodied, small¬ 
winged seacoast birds that obtain fish and perhaps other food from the sea 
and usually nest on ledges, in crevices, or In burrows in the ground or nuder 
rocks. They are rarely kept in captivity, but should not be difficult to keep. 
It Is suggested that they be fed small strips of fish, squid, and perhaps some 
shellfish, meats, and ehrlmp. Young tufted puffins thrived when they were 
fed from the hand with strips of fish from ^ to 34 iuch lu diameter and 
2 to 4 inches long that had been dipped in salt water. 

The birds should be provided with a pool in which they can swim and dive, 
and with rocks or ground on which they can rest. They do not need much 
land on which to exercise. They are not able to take off ou the wing from the 
small areas In which they will normally be enclosed so they can be kept in 
open-top enclosures, as well as in cagea 
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SAOT>-GROUSE, PIGEONS, DOVES ( COLUMEirOHMES) 

SAND-GHOTJSE ^PteroclMae)* Despite Its name, the sand grouse is closely 
related to the pigeons and doves* hoth in structure and habits. Like these 
birds, It will thrive on a mixture of grain and green food* It should be 
given plenty of gravel or grlL 

PIGEONS and DOVES (Columbidae), Grain, small amounts of green leafy 
vegetation, fruit, and grit are needed by these birds. Many of the tropical pigeons 
are fruit eaters and should be supplied with grapes, bananas, apples, small pieces 
of oranges, etc* Baisias might be given if no other fruit is available. 

LOEIES, PARROTS, AND ilACAWS (PSIITACIFOBMEB) 

These birds will eat a considerahle variety of food and will thrive on a diet 
mainly of sunflower and other seeds (such as canary and hemp seed), fruits 
(such as apples and bananas), bread, carrots, some green food, and some 
ground meat Lories, being primarily fruit eaters, will not consume many 
seeds or much bread They should have a plentiful supply of fruit, honey, 
milk, and bread. 

All the birds of this group should have limbs or wood on which to bite so 
that they may keep their beaks properly worn down. Some parrots enjoy 
bathing, but the grass parakeet {MeU^pHttacus) prefers to roll In wet grass 
and does not ordinarily bathe In water. Occasionally parrots take to plucking 
their own feathers to such an extent that they become naked. This probably 
Indicates a dietary deficiency. On occasions It has been remedied by feeding 
meat and fat or by giving them an opportunity to chew on hones. 

In other cases, these methods have been useless. These birds may he kept 
In moderate-sized cages either alone or in small groups, or lu large cages with 
a variety of other birds. Their cages should be strongly constructed, as they 
have powerful beaks and will frequently bite persistently at a single place In 
the cage covering. 

Most of these are birds of the Tropics with the exception of a few such as 
the kea of the high mountains of New Zealand and the grass parakeet (also 
called budgerigar). These two birds can be kept outside throughout the year 
iu a climate such as that of Wasblngtou, D. G. Others must be carefully 
safeguarded against cold, 

FLANTAIN-EAXEES AND OOCKOOS (CUCULTPORMES) 

PLANTAIN EATERS (Musophagidae). These thrive on bananas, raisins, 
oranges, grapes, apples, hits of boiled egg, ground meat, mealworms, and 
mockingbird food. 

CUCKOOS, ROADRUNNERS, ANIS (Cuculidae). These birds are Insecti¬ 
vorous and carnivorous tn their native haunts. The cuckoos should he fed 
mealworms, ground meat, boiled egg. The roadrunneF eats mice, lixards, small 
birds, and Insects, and when these cannot be given, it can be supplied with 
small pieces of meat and hard-boiled egg. 


OWLS (STBIGIPORMES) 

BARN OWLS (Tytonidae), OWLS (Strigidae). These are nocturnal birds 
of prey, and should be fed in the evening. To this rule the snowy owl is an 
exception. This bird may be fed either In the evening or during the day. 
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Ovris ft-hoald be j^iiiiplLed with wmaii niuianinla nudi nfl toice and mtii, <if wltla 
blrdfti ^ch flit fliDflll ehlr^iois. A number oC the simidEer awIm eflt tEiweta, They 
will ulw eat meat, fiminientfl left on thn bona, fraia wlilt± tbey 

mflj' tear Lt alt II Is Imp^rfant bowerer* rlmt they be fflTcn plentj- of amalJ 
flninmti Hmt cna be trwnlloTTed whale Lu erder tbat the okIh mtkj bare tli# 
skin, featherp^ bone!, Hud vlflce4?a- Tbesoc blriU fihuuld not bo e3[p0i5ed to biijEht 
li£hL It mtsht be pojiylblfl reverie thetr aormEl rvntiti of actlvltii% LC thejr 
were Jt^ren Teiy Eubdoed Ugbe durlof the d&ytlxDe uid urtLddul ll|;ht at nl^L 
They /ihoaM bare on lo get Into m hox or other cxrltj or m dark 

i;:orjjef to sleep. 

AKh iKlAlT^Ut^liJ^ta ^OAPlElMULCltFUKlttC^) 

OIL-BIRDS (Steaiornlthlduet Peed meH-^lworma* ctoohd meat* uuniJ 
U^eects. repUlcs, mkI pcniEiblr hard-boUea efifiO- 

FBOQMOUTH& tPodariE^dao). A frottnouth hufl heea kept la the fN^atlonel 
Eoolovicu] Park bjr feodto^ it one meuEe a duy. If mice are not iraUehle* 
dtber food might be oEIered Lt, Kurh he meatwonoa, fround meiil^ omMli rodeatOi 
tnaecte, roptilee, acd posoEbly hud-lwlied pgga. 

POTOOSi (XjGtlbiidao). EiAtoe AO nbore. 

OWLKT^FROGMOirTHS fAefi[othelidiie>. Same as abore. 

GO-ATSUCKERS (CapdzaulgJdao)H^ Tbeoe blrda livo by enpLuriikg loseet 
prey tvbru cio the wtajjt^ They ure larely kept tn cmptlrltj, although a nealLEng 
□iKhtliuwk that woi^ brvui^Ut to the National ZoolaglE!al Park thrired for eererat 
reara on a diet of mentironna, moebJngblrd food, and ground meat roUed into 
fmall hallEL A idmUar diet might be 4^c<!C4flfal with othere of thlt group and 
oome of the related forma. 

bWim9 AND HUkiMINGiURDR (3fi{M0:>PUDTFUHME5) 

SWIFTS (MkrupndJdae]!. LlL-e rbc jeoatmmkera, ttuae blnlH obtain all their 
Ibi»ct food on the wing. Tbej might be flneee^i^tQlly kept on food MtniUar to 
that lUtnd under goutauokera Ohmide cagee lighted at night to Attract Lnaecti 
hare bei^n RuggAsted. 

CHEST SWIFTS (HcmlprOcnldfle)^ Sumo aa ahore^ 

mjSIAllNGDIRDS CTtodiilldae). HmnioingblrdA can be Icrpi In t:aptlTltf 
fgirly Edrce^ully on a tnixtore of 1 teoRpoonful of Mellen^i bubj- food, 2 
tcaRpoanfula of honej. 1 tenepouafol eTaporatjcd milk, 1 drop of Iwflf extract, 
and 4 teuapoonlula of water- A oonTenlent feeder ia kbowa tn the Accompany* 
ing dEogrom (pL flg. IJ- Food container^ Ahoutd he fu OflaBtmeted that 
these blrdfl can get only thdr hJllA tn to rcutdi the fciod They should mLao 
hfl¥o the onportunlty of capturing fruit dlssa, which can uiunlly be made ataH- 
able to them by Icfirlng a bU of fruit such be a bonaria In the cage to attract 
the files. Tbpy will bnibc under a Ant? abower If it U avaJlabk*. They arc uo 
pmall that giass fiontE lu the cagea are dEElrnblc. Wire ^brlc of abont U lneh 
me#* can b# used oa iha gldes, back^ and top. Sunshine or nitrariolct 
Ig n&Hwry In winter. 


t.t3IdEft (COUiyoilMEfll 

CODtES (Qollliite), Tbcfle blrd^ cun he RncceaAfully kept on a diet of 
fruit flach as bAuanea, grapes raifllna. uranges, amnll bita of men t, hard boiled 
eggs, mockUighlrd food^ and moAlwurmE. 


355 


CARE or CAPTIVE —WALEEE 

TEDOO^~S |TBOOO?^m>na£ES> 

TrfigDDB TTjmb can l» Iwyt Ofl th^ BAiae dl«t hb Lbe rollea. 

EI^GTll^HERH^ 11K''llATI!SSf E^lLU^RAf ANli H0RNBIL14 (IFORMES > 

SINUFISHERS (AJwdtnidaB). TlsB Kortli AKtMJcaa kinj^or can fed 
■ djfli aIukhjL cnltrtly HaK Tbfi tropical klisil^hf^n and Ihow; of Uii? gthcr 
partB of Uio world f«d on a wide Tariety of anlnml Ufa mcai db lo^ccU, 

llxardflr atid 11^ The lci>ftTcJilmTTii of AuaUalia Is loelndcd In tblB E^oep. They 
should bo fwl mice, worma, llnartlip and lunaU hlfda. soch u flnchoi- Tha hlrdtf 
vary In il£c^ aM the amaUer ldnBll«lictf Connote of courisep tnlte fiiU- 

(*Towii mice or ilzards- 

TODIES (Todhdeclp May bo fed bard-bullM amall bits of meat, unm l- 
wonnRp banttEiu¥i otun^^ und ratalnB. 

MOTMOTS ^MomoLldaeK Bdoie as for lodiaa. 

BEE-KATERS (Ofcmpldae^ in the wild, theM birds eat Inioett (Uid (ue 
parUoularly fond of bees, epparontly sdffeirSfiJE no lU effect from sUiifiS, tn 
captivity* they riiotild be affgrod oa wide A variety of LhhcLh mm can be obtainedp 
kkJi us mealworms and BrajEabopper^p a# well as finely gTound meat, boUed 
ep?. and moeklnablrd food. 

ROLLEBB fCoraelldda). Same ns for motmots- 

CUCKOO-HOLDERS and GROU^fl^KOLLEHS (Leiitoaonistldae). Mostly 
icaeotlToroua. Feed mealwntnus, KraasiiopperUp ineflt, bcticd cgKi mnclsIins^lM 
fond. 

HOOPOES (Upupldav)^ The boopo«i will thrlre on the same fi>od rceotn^ 
mended for the bee-cntera. 

WOOD-nfX)POES (PbocnSeolldac) . Feed Bame aa bee-eaterB talerupldne). 

HORNRiU-S (BnccrulIdaeL HomhdJs thrive on a diet of mocldncblrd food 
relied with boiled rice Into balhi about the size of mnrblea; also balls of meat, 
ImnatiaSr grapes, oran^ea, apples, pmru, boiled cgj;. Mice, Iteandik or ameU 
birds are ewntlal to their widfare. 

JaCAaLUlSf BAKBETft, lOCCANa, AHD WOODPEOLfRS <PJCrTOHMK3J 

JACAaiAiiS (Ualbnlldac)^ Pcc4 Iniectt, mcalwonoH, mockiniblrd fetod, bolted 
eeg a- 

pUlTF-nniDS (BnccoaldneK B^e ^9 above 

BARRETS Cf^pUtmldaeJ. These birds wiU thrive Oh the anme diet as that 
EgcomiDODded for hombilis. Balhi ot food Eauat bo made moeb smAlleir than 
those jrlvea to the homhllla. 

1IONEY4dUn>E3 (Indii-'AtorldaG). Feed lavecta, mealwormif. tnocklufblrd 
food, boiled e^igv. 

TOUCANS (Ramphaelidnc), They thrive on the food r^Brnmended far hora- 
bllia. Mahe the Kslls of gftauUer. 

WOODPEC^RS and ITCULBT3 iPlridac). Rarely kept tn cnptlrity. In 
the wild they feed on toseotBr anU, fruity BcoruSp and some other plant fond. 
In capllvlty they can be Iftven mealwennii, ment, euetp fmlt, aud should be 
offep^ anme bread, sralCp bonl-botlnd #®ES^ and [ncK.4£lELshtrd food. Musi u£ 
these blrda iwalnrly cUnf to the sides of trera and ahould have Taugb-bfirked 
Umbfl ta a more gr lesi Tortlral puslUen tg which they way elltiitK They will 
alao perch cmsawl^ on larger llmhir hut tig not care for small perehca- 

49bQTT—12- 
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TERCmKO EmDS (FASBEOlTOaMESi 

nROADnUJ^ (Eurjtnimt'ilni^). fmli, bAo&njLB, onka^Sj grapes 

billed mrK-kSngbSrd food- 

Wf>Ot^HEWEnS «DcDdwolrtptidfieh OVEKBTimS (FqnmriJdae), ANT^ 
THRESHES (ForsiiSourllOnOK ANT-PlFETS (Couo|jophfl|rSane>, TArACTLOa 
(RMnocrypUdafr). TliQ blrda of the«ie fajuiUcti are luioivu a# ftoft-bUlcd blrdi, 
t.nd wLU cat fraSl, tnoekiOEblrd food. boUcd egg. fin.il tuealworms and oHior 
JimioUh Live wunnv und Imwcla afe 

COXINGBELL^RIHD. COCK-OF-THE^RUCK tCoLkicldac), MANA^lNS 
(Flprida#). Feed fmlt^ boLIcd mcHCikliitfbtrd food. 

XICRAJ^T FLXCAXCHEliS (TynitnUduc). AorM fcodcra lo tbe wild, and 
dldiciilt to klfcp In cuptirlty. Fwd iniallwurmj], groliod m«uU boUed egg. 
iDockloeblrd food. Insects are alxov^t esseoGnL 

SRARP^ElLLa (Oxfmncldiiolp L^ULNTCUTTEKa CI'bytoLomidac). Saju« 
as nboTiL 

FIXTAa (PLttldaB)^. F^l meal worms and soj otbor ariililable lowcts, naock^ 
Ingblrd foodn and groaod meat. The Ooor of tbe cage shooltl be colored with 
soft material^ Jii ibeir fent are taoder. 

NEW ZEAtAKD WRENS (Acanthifd r tidflft> p ASITIEH (PhilepUlldaa^ Toed 
laBKis, tTiealwormfl, taackinablrd f<wd* boiled 

r.TRE BlflDS (Motiuridne)^ E<?pd fra It. loji^ra, seeda, and pfreen fegctatlon- 
They fi|wrid aiuch of tbclr tloj* cn flic itraund- 

SCRUB-BIRDS (AtrlcbornlEhldne). Soft-billod htrda. Pccd tljc saiHQ as 
ibrrabeA 

LARKS (Alaudidac). Peed modElngblrd food, mCfllworma. boikd 
ground meat. fruR, IcttucaK 

SWAUXiWS (BiirundiHlitiic)^ Give Xhvm mculwcriDJi and iiiiy otbcf uTatl- 
able iiiBCCtSp ulsto grotmd meat Trj UrcaiL sjoft, wcn-Hsieacd fralL aud cbeese. 
These birda arc mcly kept bi qaailvifs't und no miitbml fa kuowu to bo par- 
Ikularly wlib them. 

CUCKOG-BHItIKES (cataiwpbfigidae) . ScftblUcd btrda. Fat'd meat, mock- 
Ingblrd fcKid. Insecta bollod egg. 

DUOKGOB (DicrurldaOp OLD WOULD OBIOLEB (OrlolidueL Feed medJ- 
wonna and utber InacctSp grmmd meal, mockki^blrd food, fnilt, boUed egg. 
louacta ura eascaibiL 

CliOAVS, blAGPlESr JAYS (CorvidaeJ* These omDlToronB birds thrive in 
captWItjr If firtm u wldu ntriefy of meuts, soaked gnila, bread, frolt, vcg^htablc 
nmterlnL They aojoy moailwunzkSp Insectsp and mlCBt some of tliiein wUl oat 
iffikall birds. 

BIRDS OP PARADISE (FomdiBeldaa). Feed mockingbird food with llbtral 
additioa of grated catrots flail balled eggs, appli^ rBlsIns; bnjuiiuia, orangesp 
meat, InscctiL VVhes fba birds are growing dcw plumagep they apparanlly 
become greatly arhansted. At miefa tlmea tbey sbould bavc flat eggy mad plontj 
of Inaecta. 

PARROT B IT.LS, SUTHOBAg t Paradoxomf thldua). Sof t-bUled hlrrtjs. Fe.^ 
same na thrusbee. 

TITMICE <Pnrldac}« NUTHATCHES (Slttldae), Feed mockingbird food, 
boiled cggB, ground moat, meui worms, seeda, soft nuta, bread:^ meat. Insects. 

C0RAL-B1LLEU> Nl'TUATCUES (ny[H»ittldaa}. Soft-blllCd birds. Feed 
mcfllworma and dGAt Ineacti, groand toaoL brand, fnilt, and taudar fmm 
ICUTCB. 
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CBEIBPER8 (CertlillJac), Feed mealworms, other Insecta, aail grotiod meat 

WREN TITS tChamariiJacJ. Soft-billed hlrte. Feed Eame as Uirushw. 

RARBLUiG THRUSHES (TItnallldnB). F«d mocWngblrd food, mCttlwoniis, 
Dsd otber IneieotSi irround uicat, lettucei ralelRA ernpe*. 

BITLRULS (Pycnoaollilac). Prult, Liuecta, mocItlDsblrd food, Erauiid oicftt, 

bread crumbs, boiled *B¥*- Cfldorj' oMd. 

DHT'ERS (ClnelldiieJ. Not linowa to the author to he” been kept Iw 
captlrRr- Frequent flirtunm. Into wblob tlwy dive to coptiire aqtmtlc l&Hicta, 
Try fecdlav mcal'conns, was worms, flitd any other Iwarttfl arollnWe, ami Eroiuid 
f,..t Aiw lAtnco and wjft Kfocn vei^atlon. Should hare water In which 
to bflUie; pHsforahly a cemtiQuoua fdiower fallluB Into a nuall siream or iwol, 
n-lilclj idflk# tk^m fvel liK^rc at hnmfc 

WUENS (TT<ii?lodyt[(iBB)* MOCKINGBIIIDS anti THRASHKB^ (MImIiIbbJ, 
tTur^idiic). feed fmlt. wocldniflslrd t^foa. twHed ensaU 

wvrm ftud flther !n»wt», fri^uuil ^nie irrwn twd, cniTnb*. 

OLD WORLD WARELERS (%lTl!drt*^>, KIXGUi7r3 (aceullOflcL DLD 
WORLD FLYCATCHli^IlS (MiuickUptdiieL ACCENTtMia* HliDOR^SFARROWS 
(rnmelimiiB>H WAOTAILS, PIPltH (Mfll:af^^lUrtae>, WAX WINGS (EomljcU- 
IWaa). Ewd mtalwcinns flrr any otlier Iubww arallablt. and 
Alflo ity pwift, w«iLi-lp(rncd fruit dbO a tfradU onionat of bread enunba. Barely 
ki'pt tfi rDptSrUy, aiitt no rtelLprored dkta aw kiiflwn to tbe autlat^r. 

SIleKY rLYCAXCHER 3 (t^l 3 ogonut IdnB L Aerial fMdarA Try xnealwamsa 
atid nny other iilso nl«Jclnfhlrd fwd, balled eggs* ond ground niaitL 

PAT.MCEIATS (DalLilae)* TVClOD^WiuLLOWB (Artamldae), VAXGA 
SHRtKKS (V:ingliiiie)+ All inafrct eatBrvL seJCt 10*4+ mftftL mealworms, 

dies, amall nclmalA 

SHRIKES ILnalTdaBK Feed mealwonnB and uny otlier lnwcl9 nvdliable, 
u4w meat, uilo*; aniall birds, moetliiEbtid fMd, belled mucB, breud* leilnce- 

WOOD^SHRI KES (rrlonoptilau), PEPPEILSIIRIKES I Cyclnrli . 
SHRlKii^ViREOS (VSiwiJanlltlaeL All Insect eatcm Feed aoti; food, meat, 
fafuilworms, fliest iftonU anlraalc 

STARLINGS f Sttifoldae). Fe^d the Boma us erowB aod JfljA 

HONET-EIATERS (Alelltbpeptldae)» SUN-DIRDS tNiiClarlnUdac), FT^WER- 
PECKERS (DleneldaBj, WMITEETES (Kaateropldae). Feed meal worms and 
otlier InseefB^ in’aund meaL mockbifiblrd food, boiled egg, trulL Some of tbet^ 
birds like b.oney+ 

VIEEOS <TlwtitdAe>+ Feed miwilworms otid Other InMcti. ground ment. 
fruit, modtlneblrd food. 

IIONEY-CBEEPEHS (DoersbldnoL HAWAIIAN HON E V -CREI'al 'lillS (Dra- 
ponldldne). Feed fralL Kueb mji ornncTa, bananasi npplcs^ with houoy, moal- 
wonrw and other Hmftll Iilwia If lowers ai^ Ln tbe coge. they will thruHt 
tbotr long^ carved beflka Idle tbe don-erH to abtnitt the ueeiar. Omnjje ond 
pTueaiiple Jolce tn flmaH tubes might ho uecepted- 

WOOD-WARBLERS (ComivKitliljTildue}. Injiect cat ora In th^ wlSil Feed 
mealwo™, Kmall liistel^K gioand meat, and well-rlptraea soft fmit Rarely 
kBpt 111 coptlTliT, and no tested diet la known In Ihti nothor. 

weaver finches iPloceldao), BToACKBETLDSp troupials (IcturldneL 

FVjed seeds, bread, fmltp grwn Tcsctatlon, Tegetablwr, mnalworma nnd ntbef 
IcmeclB. and ground mcEit 

S W ALTjn w-TAN AG ETC 3 ( T«TEtnlilaB } . Feed mockingbird food, boiled eggn, 
frnlt, muni worms and other inseeta. 
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TANAGEIta (TbmupiJa(r>^ F^eil wfc rlpe bniumaa and 

ntflcldaBblrd fwtl, cjeftlTJ^rnii! And ntlier Huecta, l>oll«d and 

ititcuce, 

PLUSn-CArPED rJDSCJSEB fCfltninlilyrliyncdiidae), Fwd moctEnsblrd 
iwdt polled eim mealwunna and oUstf lii«crJti urecii TfiSftatloo. wcda. nud 
fmlL 

grosbeaks, finches, buntings (FrlwUldat), F«d aaaorLed 

Cmlt, (ind fltor jraen mealworms, gr^tind iP-eaL 


BEFTILES 

ara known os eolii^blocKlod aiiimnUi thfiKr tanipcmture ductnat^a 

wUh tliflt of their iurr<oundliii.^. Tbcr mainly cnaatunafl of wurm dinmlca. 
find mnat be ktpt ^jirza to acUve, Whon the temperattu# tfPlB low^ they 
become Hlugglah and torpid. Ukt other hibortiatlnff anlmala- If they are coDr 
tlnuomdy anbj«cted to dniiy warming and nightly cbllilng, they wUI refnae to 
eati and, wMlo they mey he active Uiirkiig the rtaytlme, they wHl boeome weak 
and presently die. It la therefore impctiaot ihai they he sItod a fairly conartant 
and nnlfciTO] temperatiire wltliln the rouge preferred by the spcelca^ In gcuoraL 
the tempoTature for reptllea ahonld not go below TO* and the anlmuls will be 
icoie active and intere^ng At a tempera niiv oE 80^ to BO* or epwanL Chg^ 
for f^pUles fahculd be provided wllh aome meaoE of wunnliii; such oa eloctrieal 
heating liolta controlled by thermoAtfllA. or other devlcea that wtU aid In main¬ 
taining a fulrlsr coxiBlant tempcroiiure at ail times, A coove4ilent means of 
providing uoiform tdEpemlurc for lliosc tmlnmlt thai burrow in a ihJek layer 
of sand that Qs.n be worixied and Ihut wiU roLakii the heal. 

AlmmFt all reptUis need plenty of vnnsMiw. or the aobatltutep ultraviolet UghL 
Howev#Tj the:y eannnt endnre exLremea of either light or bean 

Most anakes drlok frequently and ahonld bn provided with water. Some 
llsarda drinkp oihem do not even though t here Is ad abiindancTe of wo ter avail- 
Abte. AH nature has provided ihat they AhoU take malatune throngh their aklna.. 
These aalmala should be sprinkled with water occasionally, or placed in a shallow 
lAn of water. 

The abeddlDg of akin by snokCij and klsardo la fheUhtated if the anlmnla havs 
aceesa to water In which to soak. In ooiuu IntitancHii. gEDtle mnnipulation naalata 
ahedding. 

Borne reptlleii and imphlhlana wLU not natJee food ibat la not moving. There- 
Core. If liti IndiYldunl wui not eat when oil other can dl Hods seem to bo auliable. 
try Impillng the food on n atlck and moving It about In front of the nnimaL 
This procedure In snmetlmea imeeeaafuh 

ALUO&tOkS^ CBOOODILiES. CAIMA^A .^KD GAYIAIJS ILOEIQATA ; flHDCXHlTlAPAj^l 

All of thEsa thrive on dab or meat, or both. If the temperatiir# In malntakned 
at Tb* to ISXJ*^ and they refose to cat at least unce a week, they can eometlmeft 
bo tempted by ploclDg the ftsh or melit on the and of a stick and aDnoylng 
them imtll tbf-y snap at Uic food. By this method they ran sometUuea tw 
Itsdncsd to eat freely. Provide with a pool of water of about air tciupcratuiv 
lutn which the food c?m bo thrown. Tliarft idmulEl be earth or rocka npou which 
they may cJliah to boak La the mnahlne or the rays of powerful eleetrle lights. 
They are not purtleularly uctlYe and do not reqolfe luueh space to axerelae. 
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TTtBTtfiS, TOintliaZS, AJTO TEHUATIICS (TBfnjIllN'ATA? 


Tht baby tcrtl» nften »ld gunJlly jjnlntsfl Bbell* never pTbpcrlji 

ee the paint etniite il«ir prcirth and evenlnAlU Ull* tUcm- Th^ 
bfi rftraoved by Bwabblaj with ttirptnUne or olwhoV bnt lbe« fluids ahouid 
acpt be allowed to eome Id contact with the yooag turtle'* rhift. 

LEATIIERJBAITC TtrBTLES iDermoclielldac)* PwK) HrIl Xbey most have 
falr-BtMd tanks of eaU water of about SS* to B&* FaluenhelL Id the wild state, 
they come out of tba water only to 1*7 their csea, w> will not oe^ aoy a™ 
above the water unlefw the females are to be enceoroged to lay tbelf egga lu 
the BiiDd- They may be Kept for a Uinlted time In fresh water, but where 
ao kept Uic? nnnallj aueeninb within n Ohort tUflC- Sec formola on sntge 330 for 
■nalcliiE Hilt water. Water should be ehanged sufllclentlr often to t«P the 
lanh from bwemlCA doudy, hot oecd net be chaDpeil as often a* for aome other 


AtilinnlB, 

If whitish flltna develop atoimd the cyw. It Is onJlnarlly a funguB grd'WUi 
rtofl Is usually fiitol. 9ontetlinB3 thl* coadltJon ean be controlled by the foUowlnr 


Add enough potossiuni permangnnata to the water to give a slight tHiRc of 
color. The anlaials should he ploecd In this for 3 dajn. Iheo in plain suit wnter 
lor 1 dflJ< changEut aifUiu to the permanganate both for 3 days, n«t remflinint 
for 0 day* in clean wit wdier, aifaln 3 days lu the pennDneannte wnler, then 
OiMlly renuiinlag In salt wotef- This latter method la used In some aciunrta to 
kill various Invertebrates ns well a* fungi 
Another method la to add obont 1 ounre of Uneturo of Iodine to eech Id 


gnllons of water In the tank. 

Clilorlng in the proportion of ^4 to 2 porta per miUlon of water will also 
klU fungi. Ore should be eierclsed not 10 make the solution so strong os to 
Injure the lurtlcfl Or llflh. 

HNMTIKO TURTT.FJS ftn^ AIJJGATOB SNAPPEBS (Clifilrrtrldfle). Fwl 
llife or meat Provider with Bufflclent wnter In wblcla to swim, and earUi, sru ^ 


or roclcB oa whkb tbey wn rwt wb^n out of the water, 

ICn^K or MUD ^TURTLES (KlnijitfmldBeh Feed Cbb nin] meat Th«y 
Bboum bQTo witer In wbkb to fwlm and aomo jrround. rwbs, or oilier epnee 


tho water on wliEcli to rest 

XARGB-TTRADED CCIKESE TTm'nJSQ (PlAtTftteml^laeh Wm eat wears 
BnallSv wrtfTiuv and flsli. Usually Uvea In wounlnlTi eircainB. NortnniELl. 

BOX TCTETLES^ XsAND TOIITOIBES, ntid mnny FRERH WATEn TURTLES 
(Ttilwiiliiidne), The land forma need plnnt food »ueli db tnle^ hnnoiiaai 

melonair prfcltly pear cartua^ muxUrooma. touiatoea, itnd occnKlonnllr a llitle flHh 
or ground beet and BOft bread. The affUBtlc typea ahould he fed flah, moat, 
liuodds ahrtmti* somn green vegvtatioup tfniU nad bread- Pncrvlde anfflclcnt 
wntar In wklcU to swKfn. and frpneo to roam abodt out of the water Borne 
d£ thB dry-land fonnB do not owlm^ and will drown fn water. tC oue la not 
certain of the swInunEug or water reqnlremeots of tWa groups It is weU lo 
Iirovlda th# cafe with a innfc with aldpltig edgea ra that the animal cun rendUy 
rllmh ont of watar. The dry-laud forms onjaj poaklng In shallow water, aa 
they may obtain their water In this niminpr rather than througb drlnhlng. 

SNAKE NECKED TCETLES (rclomedtteiafte). Flab, meat, and litsceta shenld 
be offered; olao ooea^onally lettnee, tHmanUR, und hreud, imtU one la certain 
the IndlvidUAls he hua wdl or will nnt take It. Since they are aemlaquAtlc. 
they should have water In which to swlmr ai™ a fair amnnnt of area ontaMe 


360 ANNTJAh REPORT SMITHSONIAN INSliTUlTON, 1941 

the water. It la said that some of these turtles canoot swallow unless thej 
have their heads beneath the water. The writer has seen them tahe cockroaches 
beneath the water to swallow them. 

WATER-TDRTLB OF NEW GUINEA (Carettochelys), Habits unknown. 
Supposedly like those of other fresh-water turtles. (See TfestudInldae—aquatic 
types.) 

SOFT-SraiLLED TURTLES (Trlonychidae), Fish and meat appear to he 
adequate foods. These turtles spend most of their time In the water or mud^ 
but enjoy sunning themselves, so in addition to an ample swimming tank, they 
should have a place to rest above the water. 

LIZARDS AND SNAKES (SQUAMATA) 

OZAEDS {BVBOSDm BATJBIA) 

GECKOES (Qekkonidae). Tropical animals- Keep warm. Feed cock¬ 
roaches, mealworms, and other Insects. 

CAT-EYED GECKOES (Eublepharldae). Nocturnal. Feed Insects. 

BARK GECKO (Uroplatidae). Habits presumably same as those of the true 
geckoes. Try similar food, 

'WORM*' LIZARD (Pygopodldae), Hahlts not known. Try feeding earth¬ 
worms, enchytrae, and insects. 

AGAMAS and their allies (Agamidae), Ground-dwelling and arboreal, B^ed 
Insects, fruit, meat, tender green leaves: 

IGUANAS and their allies (Iguanldae), Small species eat Insects and small 
Invertebrates, Large forms devour birds and smaU mammals, and rob birds* 
nests. The marine iguana of the GalApagos Islands feeds on seaweed. The com¬ 
mon Iguana of tropical America Is largely herbivorous. Feed fruit and green 
vegetation. The chuckwalla of the southwestern United States eats cactus 
and other flowers. Feed flowers, buds, and green vegetation. Some desert 
forms, such as the horned lizard (horned 'Toad**), need sand in which to burrow. 
Feed ants and other insects. 

XENOSAURUS (Xenosauridae), Related both to the Iguanldae and the 
Anguldae. Food habits are presumably the same. 

ZONURUS (Zonurldae). Feed ground meat, boiled egg, and lettuce. 

SLOW-WORMS, ALLIGATOH LIZARDS, and their allies (Anguldae), The 
burrowing forms feed on small earthworms, enchytrae, and possibly slugs. 
The more active terrestrial ones catch Insects. Feed enchytrae, mealworms, 
waxworms, other Insects, and meat. 

■‘WORM** L12ARD (Annlellidue), Burrowing* Feeding habits probably sim¬ 
ilar to Anguidae. Provide with earth, 

GILA MONSTERS (Helodermatldae). Feed eggs mlzed with raw chopped 
beef. Will sometimes take mice. 

MONITORS (Taranldae), Feed mice, rats, lizards, snakes, fish, birds, meat^ 
eggs. Extremely voracious, 

NIGHT LIZARDS (Xantuslldae). Peed same as Teitdae (next family), 

RACE-RUNNERS and their aUies (Telidae), The small species eat Insects, 
mealworms, grubs, grasshoppers, crickets, and other invertebrates of sultoble 
size. Large ones, such as the tegus, devour young chickens, eggs, raw meat, 
and rats, 

“WORM" LIZARDS (Amphlsbaenidae). Bnrrow in sand or soil. Feed earth¬ 
worms, enchytrae, and raw beet 
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WALL LIZARDS (Lacertidae). Insectlvorona. Some are canalbalistic. 
Feed insects, meat, boiled e^, and lettuce. 

GERBHOSAURUS (Oerrbosauridae). PresnmaWy Insectivorous. Try meal- 
worms, waxwormSj small mice, and lettuce* 

SKIKKS {Sctnddae), Feed insects, worms, slugs, meat, and fmit. The 
fitump-tailed lizard ia ^own to eat meat, lizards, and snakes* The smaller 
species ore satisfied with Insects and slugs* 

ANELTTROPSIS (Anelytrcpidae). Feeding habits not known to the author* 
BIBAMUS (Dibamidae)* Blind, subterranean* Try enchytrae, earthworms, 
and soft insects. Provide earth in which it can hnrrow, 

CHAMELEONS (Chamaelontidae)* Feed grasshoppers, cri<*ets, spiders, flies. 
Provide plants or limbs on which the animal may climb. 

SHINISAUBUS (Shlnisaurldae)* Feeding habits not known to the author. 

SWAKES (SUBOEDEB BEBPIOTES) 

BLIND SNAKE or WORM SNAKE (Typhlopidae). Burrows. Feed earth- 
worms, enchytrae, soft insects, mealworms, fly larvae, maggots, and waxworms* 
Provide earth in which It can hnrrow. 

BLIND SNAKE or WORM SNAKE (Lep to typhlopidae)* Same habits as 
Typhlopidae, 

SHIELD-TAILED SNAKE (Uropeltidae)* Barrows. Feed on earthworms, 
enchytrae. and Insect larvae. 

SUN-RAT SNAKE <XenopeltIdae). Eats other snakes* Provide earth for 
burrowing. 

BOAS and PYTHONS (Boidae)* Feed mic^ rats, rabbits, pigs, pigeons, and 
chickens* Some will eat other reptiles* 

ANILIUS (Anllldae). Eats other snakes. Provide earth in which to burrow* 
COLUBRID SNAKES ( Coluhridae)* About 1,200 different species. This family 
includes most of the barmlesa snakes, as well as venomous rear-fauged serpents. 
Feed mice, rats, small birds, eggs, insects, frogs, toads, and fish. 

COBRAS, CORAL SNAKES, KRAITS (Elapidae)* Feed mice, rats, birds, 
snakes. The coral snake eats smaller snakes and baby mice* 

SEA SNAKES (Hydrophldae). These snakes inhabit tropical seas. Feed e^ 
or strips of fish. Keep In tanks of warm salt water* 
chunk-headed snakes (Amblycephalidae)* Feed snails and slugs. If 
these are not available, try mealworms, waxworms, baby mice, and meat 
TRUE VIPERS IVIperidae). Feed mice, small rats, and small birds. 
RATTLESNAKES, WATER MOCCASINS, COPPERHEADS, FER-DE-LANCE, 
BUSHMASTER (Crotalidae). Feed mice, small rats, small birds. Moccasins 
also take fish* 

AMPHIBIANS 

Amphibians are cold-blooded but do not require such high temperatures as 
reptiles and cannot endure drying conditions, for their skin is moist and evapora¬ 
tion takes place rapidly. They will dry up and die if they do not have water, 
mud, moist vegetation, or other similar materials In which to harbor* Tempera¬ 
tures for salamanders generally should not exceed 90“, and many of these animals 
thrive best under temperatures of about 70“. Some will remain active in tem¬ 
peratures as low as 40“, but below that point will become torpid, as for hibernation* 
Shade is necessary. 
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Tadpolfs (immatDihe etfiRq ot nic^t ftroplstblaiw) Thflj f»d on the 

^luit and micrwapk pknt LL£a foond In Ktandltijg watern TbU matMli] 
mu^l be pn>rjaett if they n« to su^vire io aounrla^ 

nUXiS ASP TOAOg tS^tlEKTIA) 

NEW ZEALAND FHOO (UopelmldAe). SemlaqaBtiiL ^onld hate both 
wmter and a bank of mud nr ^nd nn which fhi»j can come ont Feed carthwomuk 
small Lnj)«cts^ EcrapA of raw twf morcd about In front of tbr^n^ 

DTSCOGIXlsguS (nbscojrlftsslda^h eanhwonna dropped into wntn*. 

Semlaquatie, oo shoQld hare pool ond mini baolL 

f^rmiNA^f TOAD and !« aULoa ^Ftpldae), Feed scraps of raw Ash or meat and 
mealworms dropped Into water. AquaCk; so mmi have I4mk oC woter. 

FET^BATES aud iLd aUtiira (F^lobaildue^ Feed wtinns, aluis, aad InaectSi 
especially boetlca. Burrows, su should ]u¥U soil In 

TOADS ftud Uldr alllufl IBufouldeel. Must huTs mo Eat sail and wntur. Feed 
jneulwofiiiav dookroucbofi^ or anj crawling InBecta^ apldria^ and earthwonru. E^ine 
keepora hare ubseEred that where two or more specim of toads or tzopOf burs 
been pat togelht!]:, there huro been nntiiraaL loswA This char if maf he 

adrlaihle |o keepearh iqveiea to Itaelfr 

TOADLIKE AhirrirBIANS ( Erachyoepholtdae) + A mixed groups Feed na 
for Hanldae (he]aw>« 

TREE TOADS (HjUdie), Feed ioft'bodied InoccU^ prefeitibly aUTe, *tk 1 pro- 
Tide plauiK In the edge oo tMt the tbl&mla ran refit vu the foliage. 

TRUE FBOOS (Hanldoe}. Feed lire Insectii to the smiH and modlnm-aJoed. 
.Some of the larger frog* will tatee emalL mice. 

AS14X10 TREE TOADS (Fulypeddac). GLt« aamc food t« Hrlidue. 

NAREOW-MOCFTHED toads CBnrrlcutiitldae). Feed earthwormn, alngs^ 
auta^ and other amall iav^lebrattsi Bditowb; so should hir^ noil In cajm^ 

HAlAMANDEBfl (CATTPATA^ 

COECZLTANS (CPeeRUdaeh Legless, wormRke creatnrea that 11 vie In the 
moist soil, mud, or swuinpi ot the Trapica. Try curtliworma, anchytraa, Jlhd Knfr- 
bodled luBccts. 

ETTNOBICS {Myuohlldae]. Tsj Htribwcrmi^ euchytrne, and amnU tucecEA 

QIANT SALAMANHEEL IIELIiBENDERk dlllea (Cryptoh^iincbldiie}. In- 
hnbll deer atrram* of fairly cool water. They pouficas ndiher lunga nor gilla and 
obtain thfi nficesBary oxygon from the water thruiigh thoD aklns. Therefore, they 
Ehould be pniiided with welbAeruted water Id ■ pool or tank Feed worma. 
InwctB, meatt liver, boned ftBh, 

SPOTTED RAIAMANDER and ahlra (Ambystnmldfie). Feed earth worms, 
cnchytrae* metilwonua, waxwortofi, and sott-bodled JnifiOtA 

BLIND EKL^ ODNQO SXAIOII (Aunphlumldoc), luhahlhinta of 
aluggL«h, wunu Btreaw4 wboro they fipeud much dme In Uw? mad. FrovUle with 
mud In the boltoitt oC Ihe aqaarlum. If poa^Eble, and feed moolwoniLB enehytnie. 
snft-b*dled In^ecta, and amall pnrtlclPA of meat 

SLTMT salamander and allten (Flethodontldae). iloat have molit woW und 
waier. Fwd earthworms, enchjtrae, ^ugs. flhwUl iJisecta, and email of 

meat mov^ Ih fraat of them on the end of a atraw. 

CAVE SALAMAXDERa (Proteldae). Tha while or colorleei cava salmiumder 
Of th^ United States and Etirope iFeoicdslE la acoDatomed to cool water In qlmoet 
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total darkness. Feed sparingly on enchytrae, ground skrlmp, dapknla, waxwonns, 
or bits of raw meat Necittrus, tbe two North American colored fonns^ inhabit 
warm, sluggish streams. Feed fish eggs, enchytrae, mealwonns, small bits of fish, 
and acquatic insects. 

SmEN ( Slrenldae). Feed small fish, fish eggs, tadpoles, aquatic insects or thdr 
larvae, enchytrae, earthworms. Aquatic, so should have pool of water. 

FISH 

Fish kept In captivity for exhibition purposes may be roughly divided into two 
classes, as follows: 

Small, mainly tropical fish, often beautiful, brilliantly colored creatures, can be 
kept In small aquaria without Inconvenience, and sometimes add real beauty to 
the home. Great interest has been taken in so-called tropical fish raising, and 
some excellent publications have been issued on the subject. (See bibliography.) 

Larger fifth require large tanks with special provisions for aeration, filtering, 
cooling or wanning the water, and to keep them Involves numerous problems 
which only a large aquarium could undertake. It is therefore not advisable to 
attempt to treat the keeping of fish In this work. 

Such large aquaria as the John G, Shedd Aquarium, Chicago, the Aquarium of 
the New York Zoological Society, New York City, the Steinhardt Aquarium, San 
Francisco, the Regents Park Aquarium operated by the Zoological Society of 
London, and numerous others have Issued publications relative to the raising of 
fish. The United States Bureau of Fisheries, now a part of the United States 
Fish and Wildlife Service, Department of the Interior, has issued many publica¬ 
tions relating principally to commercial fish* In addition, many facts are con¬ 
tained in articles and reports issued through various biological laboratories. 

INVERTEBBATFS 

There are a vast number of Invertebrates, including protozoa, worms, soft- 
bodied marine forma, crabs and crayfish, insects and molluslm that are attractive 
to many people. Many of these make interesting and sometimes beautiful exbihlts, 
but a dlscosston of their care is beyond the scope of this paper. Information 
regarding the keeping of such creatures can be obtained from entomologists or 
other biologists. The raising and study of such forms can be a fascinating work 
or hobby for persons who are Interested. 

lilTEEATURE RELATING TO THE CARE OP ANIMALS 

A vast amomnt of material on the subject of animals and their 
care has been written. It is not possible to give here even a reason¬ 
ably complete list of such literatiire, Govemmental agencies of 
practically all countries throughout the world have issued publica¬ 
tions on domestic and wild animals. In our own country, the United 
States Fish and Wildlife Service, of the Department of the Interior, 
has many bulletins and leaflets on North American birds, mammals, 
reptiles, amphibians, and fish, some of which treat of the raising of 
fur-bearing animals, certain birds, fish, and invertebrates. Scientific 
societies and various research agencies have put out many excellent 
works. Natural histories and similar works—dealing specifically 
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with owtaiti animals, groups of anininla, or the aniiiiaLi of certain 
regions*—and encyclopaedias contain much information of vnluo to 
those interested in the cam of antmals. Periodicals on fur faruung, 
apiculture, and general natunil histury contain many articles of 
interest to one keeping peta. A few of these works am cited beloiv, 
not because they am necessarily the best, but because they ore readily 
accessible, or known to the author to be uaeful. 
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PLATE 1 




L A choice specimen of Americfin mink running a feiris-t™ wheel in its Klass-fronted cage. A small 
stmnt) and limb on which the animal can climb is behind the wheel. 


2. Two big-eared dlflt mice mnning on an inclined disk wheel w hile a third beneath the wheel w'atcbes the 
I photographer. 

1 All photographs taken by the author unless otherw ise Indicated, 








Smitluanian Report, f^l.—Walker 


PLATE 2 



2, Syrian hamau-r corolniE out of a u*lt^«cojiItig tjiw of nest box, showing wifv fabric sHcIp used to cUise the 

entrance when defirvd. 



2, Th^ emperor penguins, one gentoo penguin, four jackass or blaek-footed penguins, anil two kelu gulls 
in Ela^fronted wk> 1 room m the National Zoological Park* The glass front is of two laym of elas with 
a dead air spaw tx^tween, A temperature of about 50“ is maintained. 















iMTiitbiaiuaii ICEfwL ■ Wj4kir PLA t E 3 



J. PMm IHK-Jutl K]ttU» With Fuf Ln SiM nwlittpn v nmilt nf i'b*nJiinK biT naJ 111 V*'ty Jllto ll#y H»il 



J. I'lllllf- poclKt roCftt*e lUth EUf ^lasltlE scialwj-w hflil mniiLlinCi, uMTlQi tu hjtkVjim t»iSII iifti SlU^dim 

loe TYhoufF. I'Sir rrtiAiHi AiijjriiMnft' Ifi lh« lUF it tSfcf rwult f}t tJw Itli'VInj; tWi^ti-T lm\n, [mrtly 

ii^‘ Ihr- irily JD oT tlH' ElV'Li and [inrll}' hy llta InIkiJllXU tfiAli^lind In ibv 4wduiiu 







ScnitbHfii^ Report, I1WI.—Wilker 


Plate a 



I, SofQt In flight cago in bird hou.se, NationnI Zoologleal park, showing Chilean flamingoes, rtemoLsellc 
cranes, starlet ibis, Egyptian ibis, white ibis, biack-billcd tree ducks, Chilean pintail. galllnuJes, Ameri- 
ican coot, EuroiJcan oyster catchers, flreback iiheasant, Chilean lapwing, stm-bittem, wood pigeon, 
golden pheasant. New' Zealand mudhen. 



2. Waterfowl on one of a series of fop ponds, National Zoological Pork. About m species of wabTfowi 
are usn^ly in this enetei^, W hist ling swans, snow* geese, blue geese, Hutchins geese, pintail ducks, 
canvasbacks, mallards, blue-wing teal, wood ducks. Pekin ducks* and cocts apiiear in this scene. 





Smithionijin Report. I9it ,—Wmlker 




[. Aoudads (jr barbary stiucp at artiflcEal mountalti in Xatlonal Zoobgical Park* 2. Ala.^ka brown bears on artincial rot^ OhIcagOj III. 

^ ' seiiaratoa irom the public by a moat. 
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Plate 6 



1* Woodchuck or marttiot that was almost nude for several years* apimrently because of a (Ilclary deflcloiicy* 
After 4 months on a suitable diet It grew a hea^-y coat of hair. Photograph by C* P. Richter* 



2* Pinchc tamaiin In glass'froated cage in smaU-mammal house* National Zoological Park. 
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PLATE 8 




Z Left, end of tail o( coyjm or itutrin, prohably origioally Injured by fighting, but worn to the bone at the 
tip by dragging on concfete: right, foot of ring-tailed monkey or capuchin, showing area on bottom of 
heel from which the skin and Resh had been worn to the bone as a result of walking on the eoticrete floor. 
The animals give no evidence of pain caused by such Injuries. 





iHwruiriur# KEUlwku oo t Irwhlf cut tiilln LTPP ilciali «.b<iut W ISchrt ItfU iiltl 4 IbH'w in 
rt^r. wjiin JO IMHIKH. Ibiii i»fTiiptil#J in tk^ cww iuwl TnlciErd Uir lb n ind a 

K^m^noahtiv^i |i4iwv ntsHEt ^ bmt liiQV Mid not mm tnan * InpVfl 0* rlJiiiiii'trt al LU larpwt J>oU1lr 


^Iff^hAdfUMii Hepai. 


PLATig- 9 








^it^pvhiiijii EUfnt. —W.ilki 


PLATE 10 



U¥my |RHil JJi vvi! nnttwrtl bj- miM., Um- ffirnr unit fmrnl ftill, iti front uT frjiiUr hmtw, Xmlunal Z™?- 

IniLt^ VtifU. 
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PLATE 11 



I Thmi KnlMn vlji™ In uvfi Jo N'itJonil SS^olwCitat A f^tnl |i 

Jinnirilirvli'l}'' lnryciitiJ tbi*^ e4iik.4ll I l» tllr ilAM in flVMlE. 



a. Aiiirrinii n])iK>»rir> Ui (jliM-froahil wm itj ir|(rtJh heu*ft S^ilfliuU A mm- 

liriwi ^limotT Ibp itflirir rraif, JIdLJi iplalliu anri ijJIl^fjuCurt tJirIvi- In rhf IfmpiTatttn^'^ H Ktf Eii IW*. lOa 
il5c l\\ih hUHiWIly shw UPfTikJij jnlhii irni'ltsftiKr 



■^Twr. 


Sf^EbttHwhi IM] WittiT 


PLATE 12 



1. IliimiTfl HitHTh P4ir1 fenw JlKimb In me* wlrh iEMi lot*. ^ 

CbiMUI. RD. HTlIdkli] rocic w LUj a hdlhrw in tiM to]i fix WAtef. 














THE INFLUENCE OF TNSECfS ON THE DEVELOPMENT 
OF FOREST PROTECTION AND FOREST MANAGEA1ENT‘ 


B7 F. G. CUIDHXM) 

Priwlpitl EmtomaJo^, DMtitui 9t Intidt Jmwrffarfsna, Btirrffii 0/ 

EhI'jtikIow 9n<t Ptant 


[With IS 

Forty years ago, when the idea of forest conservatiotL was acquir- 
ing momentum, few people itialized that ineects wBre in any niiouior 
a part of this picture. Today^ with our coordinated Federa], State, 
and private organizations for protection of our forejit prni»rtiea, 
over a million dollars nre expended ann ually in measures designed 
to protect ihesa foi'csts from insect depredations. At the same time 
the cooperative efforts of a group of highly trained entomologists, 
pathologists, and foresters aro devoted to the development of plana 
for growing new timber crop® ao as to circumvent the numerous forest 
Xiests of oiir aBcond-growtli forests. 

EAltLY ir^SGCT OUTBJtEAES 

There are historical records of eeveral dEHiructiva insect outbreaks, 
both bark beetles and defoliators, in earliest colonial times. Thesi 
early affairs appear to have been regarded as more beneffcial than 
iniurious, enming as tliay did when the dense forests were a handicap 
to settlement and farm expansion. 

Probably the first insect outbreak that aroused sufficient conoeni 
among lumbermen to give riae to technical investigation oeeurred in 
West Virginia, Virginia, and Maiyland from ISOO to 1802 fnwn 
attacks of the southern pine beetle {D^ndrcct^ws frontt^i^i Zimm.) 
A- D. Hopkina (1899) studied this outbreak in great detail and 
reported on it in a publication of the West Virginia AgrjcultuTal 

* InvtitifitjffQl on bj the Iluruia at EbtOOfiOloyiCT uri Plant QuArontl^n 

nfn oiTrlpd on at nine flrlii Inb&m&HH, Tbtlr len^sra aad lomthdi arfl nm fnllrtwi t R. C. 
Ertiwn, New Umm, Cottn. i C, W. CcUlai. Morri^tawn, N. J. f Jv 0. EVftliilffll, C*i 1 ir 4'M^a. 

Idaho ^ C, n. noffMAB-. AlhTllle, N- C*; F. P&rtiJlBdi Orwg^I HI J. 3[avxVT4jnp‘jr, 

3 [llwanh«!, Wl#, s J. U MlUef. Dr f!l Pnrh^* Ohlfl S T. B. 

Nfw Orleaoi, Ll .SuhataliDRi an il» luntM ot SanctAr. Mbt., hElaul and Hit Cn€h, 
CaUl, Caii Liha, Miaiir. La Gnint^p. Wiih^ anil EnJurrUli^ Hd, Masr unpnbllotaed 
fnm thwe lobariitDrlgt WEre drawn upoa tat tbs fhctOOJ maicrtBl tewfl In thu iiMfentatlflfl- 

m 
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Experiment Station. In an area of over 75,000 square miles a large 
percentage of the pine and spruce was killed. A few years later, 
around 1900, the eastern spruce beetle (Z>. jnceaperda Hopk.) was 
responsible for extensive depredations in the forests of Maine. Here 
again Hopkins (1901), collaborating with Austin Cary (1900) of 
the Forest Service, made a study of the conditions. Just prior to and 
during the Maine outbreak, 1895-1905, the Black Hills beetle {D. 
ponderosae Hopk.), which was not known to science at this time, 
destroyed more than a billion feet of timber in the Black Hills 
National Forest in South Dakota (Hopkins, 1902). This outbreak 
crystallized the realization that more technical knowledge was needed 
concerning these destructive bark beetles, and resulted in a small 
appropriation of $5,800 for the Bureau of Entomology for forest 
insect investigations and an allotment of $2,700 in 1906 for the control 
of this outbreak. 


WESTERN BARK BEETLES 

Becent outbreaks of bark beetles have been even more widespread 
and spectacular. To quote from a recent unpublished report of 
F. P. Keen, in charge of our Portland, Oreg., laboratory: 

Th% pouderosa pine forest a of the Pacific States have s tillered a eontintiotis 
and serious drain from western pine beetle attack for the past 20 years or 
more, whUe In the Rocky Mountain region sporadic outbreaks of the Black 
Hills beetle haTe taken a heavy toll of this species of pine In many local 
areas. Slost spectacular of all has been the destructloa of lodgepole pine for¬ 
ests in the northern Rocky Mountain region and local areas In the Cascades 
from uncontrolled outbreaks of the mountain pine beetle. Sugar pine [pi. 2, 
fig. 1; pi. 4], western white pine, and other species of pine are from time to 
time also seriously damaged by pine beetles- 

Records from annuai surveys In the Klamath region of Bouthem Oregon 
and northeastern CaMfornla show that on an area of 4,300,000 acres 5,273,000,000 
board feet of ponderosa pine timber, representing 17.5 percent of the stands 
was killed during the 20‘year period 1921 to 1940 inelnslve. This, of course, la 
not all a direct loss, as some of it was offset by growth. In portions of this 
region from 60 to 90 percent of the stand was destroyed- The western pine 
beetle (Dendroctmus 6ret?ioomta Lee.) was a major factor in this mortality. 
[PI, 2, fig, 2.] 

An outbreak of the Black Hills beetle {Dendroetonua pondermas Hopk.) on 
the Kalbah Forest of northern Arizona between 1917 and 1926 Is a good example 
of the potential destnictlveness of this species. During this outbreak it was 
estimated that 300,000,000 board feet of timber, representing 12 percent of 
the stand, was killed. In the heaviest centers of infestation, on areas 1,000 acres 
or more In extent, all trees down to those 2 Inches in diameter were killed. 
Large openings in the forest, with remains of fallen snags showing the markings 
of beetle galleries, attest the fact that similar outbreaks have oeeurred In the 
past and may occur from time to time in the future. 

Outbreaks of the mountain pine beetle (Dendroctonua m&niicolae Hopk.) in 
lodgepole pine forests as described by Evenden [1940] are the most devastating 
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of all In respect to extent and compTeten^ of kill, altkongh tils tree species 
is not so valuable as several other species of plue. In the northern Rocky 
MoimtaSns an outbreak originating In the Bitterroot Valley in 1922 swept down 
the Continental Divide and laid waste lodgepole pine forests over thousands 
of square miles* Estimates placed the total destruction at 7,250 million board 
feet, with more than 36,000,000 trees having been killed in one national forest 
alone, [PL 5, fig, 2,] 

Taking the pine forests of the western States as a whole, recent estimates 
place the annoal mortaltty associated with bark beetles at 2.8 billion board 
feet. The magnitude of this yearly figure can best be Tlsualized by comparing 
it with the 4.4 billion board feet of lumber produced by all western pine saw¬ 
mills and the 1.4 billion board feet of saw timber killed by forest fires 
throughout the entire UuUed States la 1936. 


DEFOLIATING INSECTS 


Pefoliating insects have been even more destructive . than bark 
beetles. The larch sawfly {Zyga&on&maiv^ erichsonii (Hartig)) had 
practically wiped out larch as a commercial species in the eastern 
States and Canada by 1910 (Hewitt, 1912) and is now attacking 
stands west of the prairies. The spruce budworm {Cacoecia fvmi- 
fetana (Clem.)) has repeatedly invaded our forests. (PI. 9, fig. 2.) 
An exceptional outbreak in the northeastern States and Canada 
(Swaine and Craighead, 1924) ravaged the spruce and fir forests for a 
period of 10 years (from 1910 to 1920), and it has been estimated that 
in spruce-fir types of Maine, Ontario, Quebec, and New Brunswick 
from 40 to 70 percent of this timber was destroyed, i. e., the equiva¬ 
lent of more than 25 years’ pulpwood supply for current annual 
American paper requirements (Senate Document 19). Certain 
species of defoliators, even if they do not kill the timber, cause a ces¬ 
sation or reduction of growth which may increase the rotation period 
of the stand from 5 to 10 years or more. Such defoliations may be 
local and confined to a single species of tree or they may spread over 
enormous areas involving several species. The most recent outbreak 
of the Pandora moth {Coloradia pandora (Blake)) in the ponderosa 
pine stands of southern Oregon (pi. 7, fig. 2; pi. 9, fig. 1) occurred be¬ 
tween 1918 and 1925 and covered approximately 400,000 acres (Pat¬ 
terson, 1929). Growth measurements from plots in this area showed 
that for a period of 11 years the normal forest growth was reduced an 
average of 32 percent, or suffered a loss of increment of approximately 
100 million board feet. The spruce sawfly {Diprum polytomum 
(Htg.) (pi. 10, fig. 2)) has more recently threatened the spruce forests 
of the New England States and Canada. In the Gaspe Peninsula in 
Canada it has already (1940) kiUed 10,000,000 cords of spruce (Balch, 
1941). Late in 1940 it was suddenly checked by a disease which 
decimated its number throughout its range. 
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PtRS A7CD INSECT RET^ATIONS 

Insect outbnakA ai« occaRiondl; of mota importenco because of 
the fire menoice tbej create tbaa because of the value of the timber 
killed. This canditinn is dcHcribed in “A National Plan for American 
Forestry” (Senate Document 12,1933), os follows: 

Wtaen outbreaks of losecte develop In for«At trove eompoMd chloSr 

&f otifir fi»cdc« of tree, a penrontagie of tbo BlauiL miy be dtttroydtJ_ ThPW 
EtQDdiBi? ilead trw3 go down In Uie emr^ oE a few yciiw, mtikVrkg nn 
Im^notmtlo Umvle of loi^s niid tops. Under propor coitdltloiu a Oiiob of 
Uebtnlng mny set otf ib* hulhs, reRnit&ns lia k wldespreml conaagnitiuD ■.Ijnnsit 
impo^tds iu fiplit. P&st fixpvriBiiGn haa nbown thni fipJdnnla of tha moniitiiln 
pin« bnetJo in Lodgepolfi han# httm. fnllownd by flrni mnre of^nn fhAii noL 
IPL B, fij. t.] 

Xha D3d Huiipi of liwct-klll^ tTWS scflttered ikToughoul out mntufo forests, 
wblch armf^ for Borue nrniB aet niftny as 10 per acre* iiaod for amtij- years 
nail firmUj Enmiifw the dlflknilty. and dnu^r to Are contreL Biittg 
fellinir Is reqnlTed In nmny of naLlonnl forest timber^ anil manj prlTatc 
nperAters hfiTo already adopted thEs resuXatlDc. The Increased wat of eontrel 
flf flrM irhlcli hJiTo vptvad from bnmlng Exa^ i^thln ire l\nm wnold it lone 
Jnotlfy inseet eontfol eren at a high eoet 

It ahiiulit be understood that in making any comp&riAana between 
[oeses from insects and from lire, n certain percentage of Una destruc¬ 
tion by inssecta occurs in what are called nnrttial or endemic in- 
festationa in timber finds of roch low commercial taIuc that on 
expenditure for control would not be wartuiiied. Sudi ti»^ am 
inevitable and are in moet cases offset by the annuo! increment of the 
stand. Alsso, as stated in Senate Document 12, 

Forost arcs, dra^troylag Tarlable amoimta of can lure llmhar, kU| nil 

file fiOMUor CTOS and reprodnetlnii, and repealed Urc* leava tte land to a 
totally unproductive rondldon for a?KinmtlOQs lo come Foreat inwt fpldeinlcK, 
Oft the oUnrf batnl, dcHtmj only the ton lure Umber and nnt only leave Lbe 
togcneradon already existing In a better contUtlon for rapid ^rowUi but 
frCqueiitTy toduca coplonn reptodtictEoii, 

aCTEiaC AM? PHOTECTTTE VALUES 

The preceding citation of insect damage in commercial timber is 
only a part of the picture. To quota agnin from Senate Document 
12, 

liiiporlaDce of the format corir to nattooBl purkip gnnije prasucrrea, and 
rwreatEitont areaa ennnet {w eatimjited to moiietary tbIohl Here a^stocUc 
nnd protecUve Talnen for outweJgb thofte oC commerrlal tlmberp One of the 
(TcarCHt attractions tn tbeae nimn ts a green forBit coTor on which much of 
the naluruJ beiory of iha parks la aepeadfeuL Thi trees aiso glTo protection 
to the btrdj! and atilmala. 

Itwect depredatbuB which mar die scenic value or destroy the 
protcetiTa vahira of the forest cover in theas parka and recreational 
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'areas have in late years become of even greater moment than ttiose 
involving only commercial timber. 

DEVELOPMENT OP BARK BEETLE CONTROL 

As our reserve supplies of timber became depleted from utilization, 
fire, and insects, and recreational activities continued to spread into 
more and more remote areas, private timberland owners and Federal 
administrators of timbered areas became more conscious of the need 
of any action that would delay part of this depletion. A short 
sketch of this work is of interest. 

The first control project, as mentioned previously, was initiated 
on the Black Hills National Forest in South Dakota in 1906, 
when $2,700 was expended in an effort to check an epidemic 
of the Black Hills beetle. Since then many projects have been car¬ 
ried out, some of them covering areas of more than 1,000,000 acres. 
Up to the present time (fiscal year 1941) approximately $8,000,000 
has been expended in the control of bark beetle infestations, mainly 
in reserves of timber which are being held until conditions warrant 
logging and marketing of the lumber. 

The annual expenditures from 1906 to 1921 were small—rarely 
over $20,000 and usually much less. Since 1922, with the fuller 
appreciation of the importance of insect loss®, increasing amounts 
have been spent each year for the protection of valuable timber 
stands. From regular appropriations the Forest Service has spent 
$100,000 to nearly $200,000 annually, the Park Service from $40,000 
to $M,000, and the Office of Indian Affairs from $10,000 to $20,000. 

During late years it has been possible to meet the needs for forest 
insect control more adequately by means of increased funds avail¬ 
able to land-managing agencies through emergency legislation and 
Civilian Conservation Corps labor. During the fiscal year 1937, and 
for several years since, nearly a million dollars or its equivalent in 
manpower was utilized in insect control work on Federal lands. 

As control work proceeded, year by year the need for competent 
tftnR nirjil advicc became more and more apparent. Trained men were 
needed to appraise the character of the insect infestations, to make 
recommendations to the timberland owners or administrators, and to 
direct technical features of control. This resulted in the development, 
within the Bureau of Entomology, of a service for these purposes. 
The objectives of such a service were set forth in a memorandum by the 
Secretary of Agriculture dated February 16, 1920, covering the re¬ 
sponsibilities of the Bureau of Entomology and the Forest Service. 
In time this understanding has been interpreted as applybg to ail 
other Federal agencies managing timberlands. Briefly, the instruc¬ 
tions stated that the Bureau of Entomology shall be responsible for 
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surveys, for making specific recommendations on the need of con¬ 
trol -work, and, when necessary, for the technical direction of con¬ 
trol. This service was extendi to private owners as well. A fine 
spirit of cooperation between the several national agencies manag¬ 
ing timberlands, namely, the Forest Service, the National Park Serv¬ 
ice, the Office of Indian Affairs, and the Bureau of Entomolo^ 
(lately the Bureau of Entomology and Plant Quarantine) has facil¬ 
itated this plan. 

Gradually these surveys have been developed to cover many of 
the more important timber types in the western States although 
the job is still far beyond the appropriations available. During 1940 
the Bureau of Entomology and Plant Quarantine covered in these 
surveys over 23 million acres in all types of forests. Much of the 
country was covered by general reconnaissance surveys, while certain 
areas required intensive detailed estimates. These results were re¬ 
ported to the agencies administering these timberlands and in many 
cases recommendations for control were suggested and carried out. 

As this control program increased, it stimulated new ideas and 
technique and .provided large-scale tests for these developments. 

To quote Craighead et al. (1931), 

Control metliods necessarily mnst be based npon information regarding the 

seasonal bistory and habits of the Insects^ and also, until thoroughly tried out 
In practice, upon certain concept!ous and theories. Each species of hark beetle 
presents Its own special problem, and eren the same species may present prob¬ 
lems which differ In different regions. 

Control of bark beetles is admittedly expensive. (PL 3; pi. 6; pL 
7, fig. 1.) According to Craighead (1938), 

It inTolv^ the spotting of infested trees In the forest, followed by felling, 
barking, and often burning of the bark to destroy the beetles and thus pre¬ 
vent new broods from emerging from Infested trees and attacking nearby 
green trees- Usually the largest trees In the forest are attacked and the labor 
required for spotting, felling, barking, and burning costs from |2 to ?20 per 
tree, depending on Its size, accessibility, type of timber, and other factors. 
Such costs are a limiting factor lu the application of control, as frequently 
the expenditures run too high to make control economically feasible. In recent 
years several new methods have greatly reduced these costs- 

The so-called solar-heat method wag tested out on a large scale 
in lodgepole areas in Oregon by Patterson (1930) and found to be 
successful under certain conditions. It consists of simply felling the 
tree and exposing the trunk to full sunlight, later turning the log 
to expose the underside. The heat generated under the bark by the 
direct rays of the sun is sufficient to kill the brood. In California 
the thick bark of yellow pine and sugar pine is first peeled and then 
spread out in the sun. 

About 1926 a method was devised for burning the infested bark from 
standing lodgepole pines. It was tested on several large projects in 
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southern Idtiho and proved to be effective and economical. (Amvee, 
1930.) 

The possibility of injecting chemicals into the sap stream of the 
tree and thus preventing the development of the bark beetle broods 
and doing away with the costly operations of felling and barking 
or burning the tree for the control of bark beetles has been experi¬ 
mentally tested during the last few years. There appears to be some 
promise in this field, both from control and salvage standpoints, 
but it has a practical difficulty in that treatment is necessary shortly 
after the beetles attack, i. e., before the blue stains in the sapwood 
cut off conduction. (Craighead and St. George, 1938.) 

One of the disadvantages of bark beetle control has been the 
loss of the lumber from the trees that are treated. Studies by Keen 
(1931) of the salvage possibilities of beetle-killed timber have led 
to some practical methods of treating this problem. He says: 

A great deal of attention has been devoted bj our entomologists In tbe last 

few years to the tise of so^lled salvage methods of control, and the Forest 
Serrlee and private tlmberland owners have cooperated heartily. In the pon- 
derosa pine types of eastern Oregon and northeastern California when the 
terrain permits caterpillar logging, prompt spotting and salvage of these trees 
Is feasible. [PL 3, flg, 1.] 

It has long been desirable to hare a method of treating infested 
trees through the summer period, one that would be quick in action 
and avoid the use of fire, which is so dangerous at that time of year. 
After considerable experimentation several penetrating sprays were 
developed which, when applied to the trees, promise to meet this 
need effectively. The most satisfactory chemical is orthodichloro¬ 
benzene carried in light fuel oil. This method is particularly well 
suited to the control of mountain pine beetle broods under the thin 
bark of lodgepole and white pines in the Rocky Mountain regions, 
(Salman, 1938.) 

The lethal effect of low winter temperatures has been taken advan¬ 
tage of to call off control work on projects already under way when 
temperatures dropped to a sufficiently low level to destroy the broods. 
{Miller, 1931 5 Keen, 1937.) 

RESULTS OF BARE BEETLE CONTROL 

A review of the control work against bark beetles in our forests 
and an appraisal of its values were summarized by Craighead, Miller, 
Keen, and Evenden in 1931. It should be explained here that con¬ 
trol work is carried out only against a small percentage of the out¬ 
breaks. In inaccessible timber, where new trees will replace those 
destroyed before the area is logged or where commercial values do 
not warrant large direct expenditures, control is seldom undertaken 
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ud1««9 recneaiional Or sccoie values me at etalte or outbreaks 

in remota areas tlrreateii commercially valuable stands. In geueral 
only wltera utilization is anticipated in the next 10 to 35 yearu is 
control economically feasible. 

The result!? might be said to be mote or less in direct pniportion 
to the aggressiveness of tbo beetle. Tlie Black Hills beetle, vrhicb 
appears tv l>u one of tlie most destructive of oil species of DtmdTim- 
seems to build up into agaressive outbreaks rather suddenly 
and, after hx:al]y killing extenmve areas of timber, dlsappCBJS quite 
OS rapdly. Control efforts aj^unst this species have been uiiiformly 
sneev-isfuj if ihurniighly applied. Tlie southern pine beetla is 
equally oe aggressive. Its outiireaks have been definitely shown tv 
hd tied in with deficiencies in rainfall extending over a |>eriod of sev¬ 
eral months, I)irect control is, however, more difficult here because 
of the short duration of many outbreaks. The mauntoin pine beetle 
in lodgepole pine behaves muoh like the Black Hills beetle and has 
wiped out tremendous volumes of mature timber. Here, again, 
control work ban been successful when persistently applied. On the 
other band, this beetlo’s activities in the white pine l^pe of the norih- 
erii Rtidcy Mniintaiti region and the sugar pine type of California 
are quite diferent. The western pine beetle in the ponderosa pine 
Iji’pe of Oregon uiiil California niay b« clas^ ns the least aggressive 
of all these species, in that it seems to show a definite pr^ilection 
for certain weakened trees and its activities appear to run in cycles 
associated with definitely unfavorable weather. This correlation 
has b«n frequently noted and recently developed by Kuen in n study 
of tree growth, precipitation, and bark btwtie activities. The climatic 
influences that dominate the growth pattern undoubtedly have a 
direct effect on the insects. (Keen, 19a7.) 

CQXXnOL OF FOREST DEP0UAT0JI3 

Even greater efforts have been expended against some defoliating 
insects. The gypsy moth is a European insect which reached eastern 
Massachusetts in 1869, Some 20 years later it liad become weU- 
establishsd and attracted popular attention because of its widespread 
defoliation of hardwood trees. Tlie State of MassadiusettB undertook 
control nwk, which continued until about 18S>0. Then there was a 
period when no work w'aa done and the insect increased rapidly. 
In 1905 the Federal Government stepped into the pieture in an effort 
to prevent its spread to other States to the south and west Since 
that time more money has been spent on the control of tlie gypsy moth 
than has been spent cm all other forest insects combined. In 19M, 
total expenditures, State and Fedeml, to date were approximately 
$40,000,000, Since then, through C. C, C. and relief funds, some $20,- 
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000,000 additional has bwn spent. This ia obviously out of aU pro[»r- 
tion to the immediate damage in tha infested aieai notwitlistnEdiDg 
the fact tliat in the early days of the gypsy motli, before it Iwd been 
aeelimated to beliarior more or less like that of a native insect, it 
did causa txotnendous destruction of oaks and associated pines in 
eastern Massachusetts. It was the danger that it uight spread south 
and w'ftKt throughout the eastern hardwood regions that warranted 
large-scale, continued ciTort, 

.Vculft from the value of local suppression and pmvetition of spread 
of the gypsy tuoth, this program developed many features of insBLi- 
mable value in the control of forest, shade, and fruit-ttae insects. 

Spraying of woodland areas has developed into something of a 
“big business'^ with a scientidc background. Modem higb-pressuto 
spraying inaclilnes and other equipment have been evolved to meet 
the necessity. This techiiiquB now has wide application in all parts 
of the country. The adaptability of the nutogiio (pi. 10, fig. 1) for 
applying arsenieals over fcireflted areas has been demonetmied, and 
this typo of eiiuipiiient bids fair in time Ui suirplaiit completely the 
use of ground mochineiy. It may lower the cost of the apidlcation of 
insecticides to such a figure that it will be economical to protect forest 
tniifltt on the basis of the value of the threatened stand rather than 
on tile additional threat of spread to, and <lestructiou of, forest in 
other areaSL Lead ai-scnate, one of the most widely used arsenieals, 
wits developed commercially. 

For many yeara an extensive program of parasite introduction was 
carried on in an effort to establish the principal insecL enemies of the 
gypsy moth in this country. Most of the important foreign parasites 
are now firmly established bero and several of them have spread 
throughout the gypsy moth infested region. This was the first large- 
scale imdertaking of this kind, and the knowledge gained has served 
as a basis for studying purositen of u large number of injurious 
in^ts. 

Many other destructive nutbreuks of defoliators have occurred from 
time to time In our forests but most of these developed iinobaerved 
to such magnitude and declined with such abruptness tlrat it has 
been iinpossllile to otganiTO a control campaign. Snppcvsaion work 
on many smaller direct-con trol projects in sceme and recreationjil 
ureae in our national parks and national forei^ta have Ihhui carried out 
during this period and will undoubtedly be conducted more frequently 
in the futura oe the usa of these reci^ationnl areas increases and costs 
of application are reduced. 

COS 5 TROL OF VECrOnS OF IME DUTCfi ELM DISEASE 

The Dutch elm diseusa can logically be referred to here inasmuch 
as its spread Is entirely due to insect veetorSi etuefiy the small bark 
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beetle Scolytus multistruitua (Marshnm) (pi, 11), introduced from 
Europe, and a native bark beetle, Eyhirgofinm rujifea (Eich.). 
Without these associates the disease could do no damage. In this 
case, control emphasis has been placed on the disease, although actu¬ 
ally the case is a close parallel to our bark beetle problems, where 
several species of Ceratoatomella^ or blue stains, are introduced by 
Dendroctonus into the stems of pine and spruce to bring about their 
destruction. More and more the control of this disease is becoming 
a problem in the control of the vectors. 

Scolytus was introduced from Europe many years ago and is 
widely distributed. When the disease first appeared in 1930 a survey 
showed that it was well established in New Jersey and that a few 
outlying infections existed. An eradication program was undertaken 
in 1935. At the present time over $25,000,000 has been spent. 

As in the case of the gypsy moth control campaign, this large 
intensive campaign has perfected methods, particularly in scouting 
and chemical control, suitable for application to future similar 
emergencies that may arise. 

RfiSUMfi ON DIKECr CONTROL 

Thus during a period of some 40 years, beginning at a time when 
many of the most destructive of our forest pests were still new to 
science, the threat of insects to our reserve timber stands, their 
capacity in marring scenic and recreational values, their destruction 
of second-growth forests, and their importance as a fire menace have 
become widely appreciated, and highly specialized organizations for 
the prevention or control of these losses have been developed. 

During this period more than $100,000,000 has been spent and in 
recent years $5,000,000 to $10,000,000 annually has been utilized in 
protective measures. The annual expenditures by the United States 
Forest Service for fire protection is approximately $15,000,000. 

PROTECTION THROUGH MANAGEMENT 

The foregoing discussion presents a broad picture of insect activi¬ 
ties in our forests and of man’s efforts to counteract their destructive 
tendencies where the timber stands are of sufficient value to warrant 
direct expenditures for control. Such effort has been based on the 
theory that the necessary expenditures are justified because of the 
greater value of the green timber saved by this action or because 
of the recreational values involved. 

Gradually, while this was going on, entomologists and foresters 
were thinking of the future, toward a time when methods for growing 
timber crops so as to avoid insect losses could be substituted for 
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artificial control. Infinite aloi^j these were 

expressed Tery early by Ilopkina (1909 a) I 

The Matrvl or preientlua yl loss often Iw troofilii: nboat hy ihv 

nJepHon or adjuBftm^ut of thow reqaiaite deraJI^ in fo™t manrtgetnent and 
In lumbering and moimfftct^irtng opemUonsH atoring. traiiipartaUeWp nnd tsiillm- 
tloD of tlic prijducw whkb at the letud dpondSTitre wUl cnii^i the oeteMry 
rtfdnction of thi Injurloaa InKecta and eaUibllMh nnfarormhly coxidiUona for fhelr 
faturo multlplieuUuo or eontlnuanw uf deiftroetlte work- 

Curiously enough the principles fur growing or handling fiiresLa 
to avoid insect attack are bewt learned from the study of the insects 
iheniselTes. As ineationcd previouBly, iiisiict losses are only serhiua 
Tvhen tliey interfere with man’s need. For genemtiouft certain types 
of forests have bwJi dcHttojed by insects and rebuilt through growtlij 
and thlw process is still going on unnoticed and of little roucem to 
Dicin in the more rciuote aretts« Nature ako uses inseets for the 
removal of certain shade-intolprafii or teniporary species of trees 
from the forest, thus hastening the arrival of tiie dimax type. 

Many excellent Kcamplcs of such activities have been observed and 
rtfoorded. The first might be illustrated by the activities of the Black 
Hills Iwi k on the Knibab Plateau, an itrea reliitlvcly undisturlicd by 
man. To quote Craigh«id (1KJ4) : 

This bwMa hiia b 4 fuu present In ihLfl fon?st, ^UJnff enurmouii qunntltU^s af 
llmimt, probably Rtncc the forest has beett In eiUtcace. aLthough chsolate 
mordji can oulj- tw dated bOck 400 The BcGrltieia of aii?5C becnea have 

be«i nlfiiME HiatiQUDufi with UUtnnhmit tH'rtndfl of ffraiEer * 

Ocn^?rAllj apeak! qIp tlio furest coo^Uta of a den»&Jr stuckad Inuimturc stands 
^tdods of old mature timber are very limited in exient • * • These beetles 

have In rcollty been putting Into eJfcet n form of ninnaaement—cutting by b 
group ij^lOni the auiUMil incrioncnt of Lbu forest lor huDdTe<h« of jmre In the 
puBt BUd providing at ihe sttuiE tima good coadmous lor reprodiietlon. But 
little tfludy U ciceded to convince one that tbU irybtem has been highly sUiCfiCffifLil 
from the oUmOpolEit of producing rapid growth and luhy atodied sfUndiL 

An illiistmtiun of tho action of msocts in effwLin^j natural foritst 
ijuctiesaion is provided by tlie 1910-20 apruco budvorm outhreak in 
eastern Canaila and tlio northwBtern part of ibe United States, as 
described by Swnine and Craighead (1921) and by Grahnin and. Orr 
(1940). This outbreak was one phase of a slow process of natural 
forest Biicoession over extensive areas. Tho tompor&ry tyjieSf com* 
posed largoiy of aspen and birch, were graduuJiy repla«d by mii- 
tures of biilsani fir, sprues, and red and white pine. The forest tent 
caterpillar difttria Hbn.) probably aided in this con* 

verson by killing some of Ilia aspen and birch and tluis reloiLKiug 
the coniferous underctory. By tlie tinie the fir and spruoo itoched 
maturity tliey formed a considerable part of the upper crown canopy 
and thus made conditions favorable for an uutbreuk of tho spruce 
budworm. Tlia budworni killed nioat of the mature fir and some of 


378 AJfNDAL HEPORT SUITHSONTAN lUaTlTUTiDN, 1«41 

liiH epTucei ThiO custom spruce beellc was also a loctor in tHlli ng 
OTermaturo spruce, In»ct5 irere thus importaut in tlia product-ion 
of the e^tensivo Gtands of white pine of early logg'in^ days—^iant 
trees 300 or more years of age overtopping a spruce-lir-hardwood 
underBtory, 

The application of entomological knowledgi! to forest management 
must go hand in bond with pmctical derdopmentfl in forest ntil iim , 
tifln. Many sclicmeiB have been suggested for handling timber stands^ 
particularly second growth, to avoid some specific inweet dnmago. 
Many of these may evantuallj bo applied but. most of them are 
impractical because of economic considerations. 


PBOaf DIRECT DARK BEETLE CONTROL TO BELBCTIVE LOGOINO OF 

StJSCEiTIULE TREES 

Probably (he most petflistent effort in the applicaticn of entomo* 
logical knowledge to the management of timber stands lias been 
ej^nded for (he proventiou of bark beetle losses in the ponderosa 
pine tyjje of California and Oregon. 

During the fieriod of increasing control work, while we were utiliz¬ 
ing our oviermature nsjerves of timber, many of the disadvantages 
of direct control became appaivnt, particularly iho costline^ and 
the variability of the results and the fact that much of the timber 

treated could seldom be utilized but had to be left iu the woods to 
decay. 

That the western pine beetle (pL 1) should have been one of the 
first insects for which definite euggestiona were made for subatituting 
management for direct oontrol is easily UHtlerstood. Eatensive stands 
of increasingly valuable timber were at stake, looses in the best-quality 
timber were increasing, biological studies and control efforts were 
pushed mote cnergeticaUy than for any other beetle, and, most impor¬ 
tant jt was renLaed early in the study of this species that it sJiowSd a 
decjd^ preference for trees with certain recognizable characteristics 
and that advantage might be token of this pnjference in marking 
timber sales* * 

Hopkine (lfl09b) notes the preference of this beetle for “larger best 
Rial ured trees.” e 

PeotcB (1920) pointed out that “beetle activitie-B in our pine forests 
not only represent a aerrous economic loss but must be taken into con¬ 
sideration in planning for aurtained yield." 

Craighead (IfiSSa) expressed this idea as foUowai 

^rwiaUj- (tppefclflg. Uh wMtern plaa beetle a(i|>ea» lo pirfer overeunure, 

decadent particularly thoae Oft pMrur Bite, • - 

w mtlBately tleU np wKb ibla beetle preblem as tt L, wltTCoJ 



INJECTS AXn FOBEST MAKAaEMENT—CRAKIHEAD 379 


numhorK Lir hj etiftiijtPd In th^ tr^im fi1>aDt 

deilrJMicjr In mlnfnll i^r nf flip j^nd i^bkh aH-nw? i^tpaipt ifpAl<x!fittpn. 

Person (IflSS) was the first to give this predilection of the beetle for 
certain trees a definite terminology^ usdng *^tre« ffusceptibility” and 
^^beetla selectivity*^* His work dxowed that 

" * * tree AelectloDp ms used In thin nafwrf ^ net iiit«nd«d topan a ran^ 

fclflni FfliKrUoD of oentHln treos bj tbe IiusHli^ bnt rather that trppa liArln^ Hrtain 
ohrtraerrerlatfoa are more apt to be klllpd br thp western plna beptle th^n tree# 
which dn not hare fhem. 

Thp profontncp of thn wofttpm ptns bPPtk for the fllow-jprowloa tree# rarle^ 
with the aren and the etafae of the Iiif?*tatlon» hPltiif more nwirhed ntuler endctolc 
or incrpjifdni? condltloda than tindpp dcerPiiffing epidemic eondldone. 

Thp ^low-amwlDj; tPcCA, which nn? of least Talne for pradnciD^ wood^ ate the 
tmm mewl Ukely^ to be hilled hj the western pSnp beeile^ t£ Chc^ trees can bo token 
ant in the earliest cutting o£ timLer tbc condition of ent-orer arens wiU ho 
materlrtllj ImpruTod ttvm the stmiiJpolui <it Ln«eci dniimec niid uf subsequent 
growth. 

In ft later papi?r (1931) ’Per^im Btntes: 

Any Incrense Sn onr knnwlPdg^e of how the WMtem pine heetle ie1ect« fhe tree# 
which It klllfl will niftkc It pa^lble to rednee this l«a by leairlnR on oni* ent-over 
ttrena only such trees as rdU have the best chance of annrbHng until the tuf^ cut. 

A greater knowicfigo o£ tree attractiteneiM nnd stand f^ttWPpfrtbtUty will 
moke It possible to deterwino the prohohllltr of Inioet loss when the logging 
plan Is first drawn np^ before the tnftccc loss occure, Urns obrluUng ibc necessity 
uf later ohOEigeff. wbleki are tiMOOttr cOBtly. 

Dumiizig (li}£S), in preseotiDg a tree clarification for weatern yellow 
pine, recognized the importance of bark beettca os a mortality factor* 
To quote: “The greatest ftiiigle caiiSB of mortality wa^ bnrk beetles 
(Demir<^cto^m) which kUlcd 61^ or 35 percent, of the 1T2 trees and 
ancoMnteiJ for 50 percent of the baeal-urea He nfso comments 

on the possibility of using in management, tlse selectivity shown by 
these beetlpH, staling Uml *Tlie eliminnticm of susceptible trees in cut¬ 
ting would doubtless lessen endemie insect dainage, the mo&t important 
aii3i?o of loss on cut-over area^.^ 

In presenting an appraisal of control, Craighead, Miller, Keen, and 
Evenden (1931) point out that the results of control work againsit tlia 
western pine beetle ha ve ^*not been spectacular or ontstanding * • * 

nnd the benefits only temporary. * # • Such (control) work may 
be combined with selective logging to remove susceptible trees and 
produce better growtli conditions in order to give permanent pro¬ 
tection for long periods,” 

Further developments with this idea were reported in 1038 (Senate 
Doenment 12} following actual experiiuanlal in removing 

beetle-susceptible trees (fig- 1) i 

Mnch progrera has Ikcu mode lu recent years toward establlBblog' aastiiJned 
jlald on both Federal and prlvale tkoUerloado hi the poadermi pine type of 
CBllfamLi flji4 Oregoo. The maDageuKat o£ thcae sUmda la hAaed on an Initial 
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rflrtial cttttltig, a ncA^rre o| timber for futnt^ ^wth^ 90 m 

to ff^nble A AOcon4 oiititn^ In from to ^0 I'Cfu^ B^rlt bccU^ Iussko to thiM 
Btaodfi n?s4>rTod for fiitwre growtb ttare in mtAlo. nrtAA aoL oiUj' ofla^t all IwCffr 
^ot, but liuv« rudacoJ Uiu orlgljiAl forest capltnl fram 1 to 1& pefrcciiL Rocuot 
eipcrJnientg bftve InilleareiJ the poookbJIltj of nyolding t\il» Iob» lij reiriovlm; 
iDJvuot-buR'eptiblo truuu In Lbu tuttLol ruttlog. ThMo itnacvotlblo tiwg ftr« tlioaa 
of tdnw^ fTowtUs wlikob vnn Uo defected nr t1i« time nf niarUing th^ timber for 
sale, lloceo^ aaleis buTe been maiited oa tbis plaiL 



ftrsK CL ASSES POR PCHraHosa Pi re 


rj<Hf*i 1.—Touchud-ap pbotoerapba u Ulurtrate typ«, ot ponriocoea pine ™- 
wpm*l« to iMrk taatte attack. Lowered rleor and icslatanM and ewbIw 
AUWpilblLUj indlrnted by tiigber ciDaibera. (ItotmoQ anil BofiKiiorg.) 


Eocn (l&Sfl) \pn^ the first defioitalj to classify ponden>fia pjiie op 

tLe of susccptihilitj to bark beetle attacks. He proposed a 
cla^flcstion baaed on ago aad vigor (crown alzo, shape, and density) 
bus sciTcd very weU for this purpose and has been widely 
adopted by foresters for other puriwses os well (fig. S). He says; 

Once toe type of tree most tlJteJy to be kaied Can be ri!«ip,iMd wl to a fair 
*iree of cvrtalatT, It I* possible to nmke partial cuttlnga of bcnle-nmeeptlble 
tree*, dUwr for tbe pnrpose of nlTSEtoj! valuable hlgh-rlat trees before they 
by beetle attack or for toe eUvlctitoral obJecUve reduclM mor- 
tEiitj nod lncTHLEing gruwtli- 
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A PONDEROSA PINE TREE CLASSinCATTON 

BASED ON AGE AND VIGOR 
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Fiqves 2.—^Keen's tree dasslficatlon based oq age and rigor. 
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TliGse studlcff tia?G reYcnleil tJaftt die rt^ of bfili^ killed hy western pLce 
beetled £9 dlstlcctlj greater for trKs of ccrljila t^x^es tbun Lt In for otker trees 
Id Uio wn& standp Id g^Dpraln the ttm roor^ to tttAck are tke 

TOflJeor, TljcOTOds iTtdlvfdtials ubiI, to d oettelo decree, more ndToiiced 
Id ajtPh The tirobs™. rherefore, Ib ode of nceognlsldg the eoonblDAtloii of rhfir- 
Ddicrt which kOJesLtea fuscepUblLiti'. 

SUricuitunil iu&Dt£:ciDedt of oor pomlerDSA pine forests slionld cteiatiiiiil^ 
leeil tu Uie eolntltin of Uie present pine beetle probleuiB. Although forest mitnup>- 
meot mAj cot eUmiimte all fntdiw hark bwlle trophies, It is At last s Et^ td 
the right directlen of ImprorLdg the cMorea of ponderom plna Btnnds to esoape 
KdOll idJdiT- 

The pmclicfibilitj of Keon^ii f^heme wm quickly rero]jnixiHl, and 

actual marking of timber sales by this dassifieatlon was carried out 
in Oregon and Washington and adaptations of the a}*stam were uoeil 
by foresters in the Southwest and in the Rocky Mountain regioint 
The results were good and led to fiirUier study and rennement of the 
characteriKtice of “bug trees.’* 

About this time tliought alcmg them lines bad crystallised suffic¬ 
iently to demand furtJier experimental plots for testing the posHibiit- 
tica of marking LieeLle-snsceptiblo trees. In lOSB, nn the Blacks 
Mountain esperiraental area, the California Forest Experiment Sta¬ 
tion set aside certain arras for tise of the Berkeley laboratory of the 
Bureau of Entomology and Plant Quarantine, and Ronglierg and 
Salmon marked Uie “Img trees” on the basis of their ideas of the 
characteristics that indicate susceptibility. Aftur 4 years the remilts 
of this work have been highly estisfartory and OTC l^tdg applied by 
private interests and the United States Forest Service in Oregon and 
California, Salman and Bongberg (1941) have shown that on tliOMe 
e*l)erimeiiLal jin-as they were able to mark and removB before attack 
89 percent of the trees that would have been destroyed by bark beetles 
from comparison with the losses on adjacent areoa 

Thus after many years of direct-control efforts ogainfit the western 
pine betUo and I he testing of several methotls for marking and cut¬ 
ting of ponderoso pine on Federal and private lamls in an effort 
to obtain sustained yield, we aro now anticipating nature’s ruthless 
but effective method-—selection by climate and beetles. For many 
years tliis aelecrion system has been going on before our eyes bnt 
only recently have wb seen it-—^no doubt, wb still see only a part of 
it. It ifl still too early to predict the suooesa of ibis method, aptly 
phrased “beating Llia lieltle to it.” TheorElirally it looks good. If 
we remove the susceptible trees before the beetle broods develop 
in them, it seems reaeunable to believe that beetles cannot increase in 
nombers ami become aggressive to the point of killing nonsusceptible 
trees. Tn practice, success will depend on several conaiderations, 
Tjogging methods and terrahi, as well as the luinlwr demand, will 
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gOTem the size of the cut. The *1jeetle STStem^ will demand low* 
volmne remoTals at fueiiuent inlervala m mo^ we mod¬ 

ify our uMial cutting practices so as to remove more frequently the 
Huaceptible crop of trees? Under favorsibie weather and beetle con- 
didons^ as have recently prerailccl, it seems possible to do this with 
a light cut every 5 year^^ or ho, Uniler adverne condidona, such aa 
prevailed 10 to 15 years ago^ it would have been necessary to remove 
25 to 50 percent of many stands in a few years. 

This discussion pertains to overmaturo and ususUy understocked 
stands. It does not consider the conditions that wdi proTail once 
these stands have been removed and abundant reproduction occupies 
Lbs ground. Obviinifily the competition in these younger stands will 
offer conditions favorable to group attacks by ilie bark engravers 
(/p^) and the mountain pine beetle, even if the western pine beetle 
is not abundant^ and |udicioua thinnings will l]e required to prevent 
tliB esceesive opening of the stands by large group attacks^ thus 
bringing about local understockings or conTtrsion of tyjjKj to lees 
desirable species |Craighead, 1936; Eaton, ISJ*!!), Pearson and 
Wadsworth (1941) recognized thij? need in tlieir cxperinientid work 
with iwnderosa pine on the Colorado Plateau and show prelimmary 
favorable results from thiuningg by poisouiiig auEl pruning of crop 
trees, 

Tliia marking and removal of low-vigor trees has been recoro* 
mended and applied only to the cast-side ponderosa typisH of C^liforum 
anti Oregon. In the west-side ty^iea of more vigorous growth, beetle 
outbreaks aro less knporiant They occur in daFioTte short periods 
and die nut as suddenly as they develop* 

THEORIES or BARK BEETt.E SUBC^PTIBILITf 

As indicated in the preceding diacusaioii, tiie suaceptibility of cer¬ 
tain trees to bark beetle attack Ims been recognized for a number of 
years. Various explanations have been advitnced for lliis suscepti¬ 
bility* Some of Uiese are published and others are developed in 
reports and correspondence in the files of the Diviaion of Forest Iiii^t 
Investigations, A thorough understanding of what makes these trees 
susceptible to bark beetle attack would aid materially in the applica¬ 
tion of preventive meusures* 

OhaurvaUone in the field have nhown that mortality in the poiideroHa 
pine typo varies tremendously from periods of low {endemic) loss 
to |>eriods of e.vc 038 ive (epidemic) loss; that during certain periods 
many trees die with few or no insects present j that others may be 
infested by wood borera only; and Htill others are attacked by bark 
beetles whidi mtrodiica blue-staining fungi into the sap wood* thu5 
cutting off the transpiration streatn between the ruotw sikI the crown. 
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Tliis same pirtiire applies more or loss to all bark beetle outbreaks 
iu all parts of the United States. 

Tt is obvious that any satisfartory explanation for the susceptibility 
of trees to bark beetle attack must also explain all the olKKn'ed facta 
during the ups and downs of these outbreaks. It is the writcr^s 
opinion that the condition is induced primarily by lack of nKiisture, 
chiefly from drought but also from excessive competition within 
tlm stand. It is probable that in the cose nf pond^rosa pine, as with 
other trees, the ruohj are firet affected.* Then, in turn, the foliage 
thins out to compensate for a reduced root ^stcni. The topmost 
branches often die. Certain insects thuL kill the twigs (such as scale 
insects and the birdsuyo pine midge, It^tinodipl^ta flp., ]>I, S, fig. 1) 
may bring about additional defoliation. Tfiis all results in the manu¬ 
facture of less food and conaequentlj narrower rings, which in turn 
may reduce ihe volume of conduelion, all of which contributes to 
lowered vigor to the point where many trees cannot recover, 

ThuK It wmhl be that under adverse conditions many trees dia 
from the effects of the physical environment without irisect attack; 
others are attacked by borers which in themselves are not very 
important—at least no sound pliysiologieal explanation of tho effects 
of their attack has been offered-^ut arc only symptoms of a deeper 
malady. Tliese “predisposing insecls” of GraMm (l&a9, p, 226), 
Keen and Salman (llHl), and West (IMi), with their at»cial senses 
can rMognbBu this moribund condition beforo we can, and act 
accordingly. Such insecta appear to bo tlie principal factor only 
^use ttcy are immediately associated with visual symptoms of 
death. Otlieifl of tbesa trees in slightly better condition do not 
fade (die) until conduction is completely and quickly cut off by 
hluestainmg fungi introduced into the sopwijod by bark beetles 
(Kelson and Bed, 1920). This theory implies that many trees go 
out of the stand fr«.n the effects of an adverse physical environment 
and may «rve us hosts to numbers of borers and other insects, 
whereas other trees hss seriously affected by drought serve as suitable 
host matoial for breeding up large populations of bark beetles. It 
IB conceivable that the lowered water content and possibly hiffber 
oxygen content of tlie wood associated with drought (Kelson 1964' 
Caird, 1935) are necessary for developmejit of the blue stains which! 

upiimum development of Urk bertla 
brc^ls (bnach, Orr, and Chrisipneen, 

From this it should by no means be inferred that theaj bark 
beetles cann ot by their attack kill healthy trees. The aggressiveness 

(■PPlMBlIj lOitBlDM bi •toreil rmid |b tac ■n.l *1*? ”®* PTvtim 

•a-mUfMiai. “ “ ^ r«»jvi,d thrMfh Uu 
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of the beetles depends on their Abundance, oa they kill by gregari- 
om sLtiick, inlroducing into tha active sap wood fungi that, cwt off 
conduction. When they become abundant their gregarious attack 
will kill trecH that fire apparently in full vigor and which show no 
characteristics of siisccptiblft 1™^=, but ah the condition of the border¬ 
line trees imptOTes with increased moisture more battles are rctjuired 
to kin a treCj jioorer bruud^ develop^ anti the injects d^rease in 
abundance and oonBequently are of decrcaaing importance. 

Tliis theory appears to bo supported by evidence collBcted from 
other insect outbreaks and drought |:teriod3 in Him mtire humid parts 
of the United State.3. Tliat such compariEons are not too far¬ 
fetched is supported by the foUowiug recent etutement by Pearson 
and Wadsworth ( 1941 ) r 

Notwlriifftandiiig local TarJatlons [a size hbU grt^wth rate, iKikiidorosa i^iue 
beliaTt^ Ic macli the name way whererer Lt Ik found, Tli^re ia also more Ln 
betwecin difTsTent specleK lu wldelj* AexiaratfH] re^ona than forestcra 
Ifenerallj realize. Tbe laauence of light and Khadn aud of root compctiElgui. 
though dLffertng lu degree, Li fondomtintallj^ tire same whether one In ileflilag 
with ponderoBa pine to Ailzozu,, with ptnee la the tktntb, or the Ijike IBtates, 
or with DoisgLii'Jlr In the l^aclhc Northwvut 

The southern pines (shortleaf, loblolly^ and longleaf) beve from 
time to time been subjected to diarp local droughts which liave 
killed large volumes of tirnlier. Outhlanding among these wag the 
ennimer di-ought of 1£^ in Texas and LouiBiaRa^ when b deHriency 
in precipitation of some 15 inchesj occurring from Juno to January^ 
resulted in the dcstrucdon of over 150^000^000 board feet of timber^ 
Although Ip$ were prevalent in the dying treesj much of the timber 
wae very lightly infested. (St* George, 1925+) 

A few years later Cary (1532) reports n similar drought in 
Florida and Georgia extending Lhmugh T monthBf which destroyed 
nearly as much pine timber. The southern pine beetle was notably 
absent in these occurrences, as outbreaks uru rare in loogleaf and 
slash pinesj although Lliis cloes attack these species. Personal 

oxperieneo in both these cases was very convincing as to th^ greBt**r 
effect of drought and thu secundary iinportance of the associated 
insectfl. 

Blackman (1524) showed that the attack of the hickory bark 
beetle was dependent on a moisture dehclency and that the attacking 
insects wero destroyed when normal rainfall was resumed. Craig¬ 
head (1935b) analyzed a ^riea of outbreaks of the southern pine 
beetle in shortleaf pine and found lb at the same conditions heltL 
Snbaec^uunt ob^rvation^ havo upheld this evidence ujid liBve jier- 
mitted issuance of wamiiigs when precipitation has dropped below 
normal 
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For some time it had been recognized that a more systematic 
study of the interrelationship of tree susceptibility and climate was 
necessary in the ponderosa pine type. Any direct connection between 
timber losses and deficiency of precipitation has been much more 
difficult to establish in the ponderosa pine type because of the lack 
of adequate records in the timber areas and the apparent adjustment 
of this pine to the rainless summers of the region. Three years 
ago at our Berkeley laboratory E. C. Hall initiated such a field study, 
e^ablishing locations in several timber types and on several timber 
sites, amply supplied with instruments to measure various environ¬ 
mental factors. In these areas insect records and timber losses are 
available over a long period of years. Already, after 3 years of 
observation, veiy striking information (unpublished reports) has 
been obtained indicating a close tie-up between climate, past timber 
lo^s, and beetle activities, even definite variations within the 
different sites of the ponderosa type. 


MANAGEMENT FOR INSECT CONTROL IN SECOND-GROWTH STANDS 

In the eastern States, particularly in some private forests, silvicul¬ 
tural systems primarily designed to circumvent insect damage have 
been applied m pine and hardwood stands. Such insects as the 
ppsy moth, the white pine weevil, the locust borer, the turpentine 
borer, and the bronze birch borer have each been the dominant factor 
m shaping management plans of the forest types in which they are 

was probably the first in this country to reaUze the 
gissibihty of controUmg the gypsy moth through forest management. 
He suggMts taking advantage of the preference shown by the larvae 
Se removing these, especially oak, from 

Thh p^ibility of control through adjustment of food plants sthn- 
ulated e^ensive studies by the Bureau of Entomology which were 
published by Mosher (1915). Mosher classified the^lants in the 
regions into the foUowmg four groups: (1) Species highly favored 
by all stages of gypsy moth lam-ae; (2) species that are favLd food 
for the ppsy moth after the early larval stages; (3) species that are 
not partic^arly favored but upon which a smaU proportion of the 
g^y moth larvae may develop; and (4) species that are unfavored 

The gypsy moth develops normally and becomes destructive only 
on plants of group 1. 

From the germ of Fiske’s suggestion and the definite classification 
proposed by Mosher, the possibiUty of silvicultural control graduallv 
gamed recogmtion and resulted in a cooperative study between the 
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Funist. SerricA and the Biireim of Entomology to ubtHin more £>pecific 
d&ts nnd to test out theorJeH by tueone of esporiiDCDtAl plots. This 
study was ai^Igned ( Gcraent, 1?17) to Clement snd Muokj, wbo re¬ 
ported 00 their work in BtiUeLin 484 of the United States Department 
of Agriculture. They Indicated certain poseihilities and certain limi- 
tationSf chiefly economic, iu tlie appllcstion of nLuiagcment to gypsy 
motti control. The proposals were a little ahead of the times and no 
general applicatton resulted. 

A more recent study of this problem in central MaasiichiiseUa 
through coox>erative eflorlH of the Bureau of Entomology and Plant 
Quarantine, the Harvard Forest, and the ETortheastem Forest Experi¬ 
ment Station developed more specifle in formation. First, Baker and 
Cline (1838) showed that no serious defoliation occurred imlees more 
tlian 50 percent of the stand was ctimjnHied of species of group 1. 
Continued study led to deflnitc recommendations by Behre, Cline, and 
Baker (1936) and indicated that there are very far-reaching posai- 
bllities for applying the principles of forest management to the con¬ 
trol of the gyp^ moth in the New England States, because of the 
(avorabio cuiiditiona which existed, namely, (1) the composition of 
much of the forest adth TftgRrd to tlie itialrlbulion of favored and 
unfavored food pbnts was suitable to work with in thinning prac¬ 
tices; (2) there were large areas of second-growth hardwoods, many 
of them witli uiiilerstories of conifers, which needed release; (3) the 
Federal and State agencies were then spending constdet-able sums on 
less permanent Tnetlmds oF control, such as spraying and creosoting 
egg massesL This money would do more permanent good if diverted 
to forest improvement; and (4) considerable manpower was avail¬ 
able (at the time of writing) through C. C. C, camps and relief 
organizations. 

ills ice is now well broken and it b likely that rilvicultural meas¬ 
ures will bo given more and more emphasis anil ihe present control 
program will change from one of temporary practices, such as spray¬ 
ing and eroosoting, to one involving the iwrmaneiit unprovement of 
forest stands. It b reasonable to bcllevo that with such measures a 
large part of the present infested area can be tiiaile rdatively immune 
to the gypsy moth and a considerable reduction in expenditures for 
control can be eSceted. 

These writers (Behre, Cline, and Baker, 1936) showed how the cut¬ 
ting xiractices of (Jie past 30 years and frequent Area led to the iDcrease 
of secondary types which are primarily composed of species of group 
1, and thus brought about more favorable conditions for the gyp^ 
moth. To quote: 

Thiw It bccomH etident thnt the forest trpea whteli ptreeiit moat favonililfr cob- 
dldons for gypsy aipih are the Ulr«t rcsali of a tranalent agricultoie 

Djid titt acsunwuve lutuJKrajg pmetlcea ot On poet. 
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Definite iticominBiidstioDs are made for treating the prcdoniinant 
stands of the regionsj namely, coniferous plaatationn, oonifereus un* 
derstories, mixed conifers and bardwofids, and mued hainlwooda of 
comtiiercjal ImpoftaDce. The irriters conclude: 


CkmifldorBtlfln of the Llatory ol the sypfy (noth ond of exb-tloa foreiit contlltloiw 
la New EaglJind leads to the coacluBlon that. In spite of an mcirol efTort to dnle. 
epidemic mjtbrealu with seiiona defonailoa (nay oontinne to occur wlthla the 
Infeated 4T«n, 

iDcmsIna Uic proportloa of unoodlooi] la which conditions are unCurarttble for 
the decelopmcht of the inMxt should lesseo the need for utUJklul contTol and 
reduce the fnaiueHcy and eecerlt; of onthreahs. • • • with few excejitlou9> 
eliiuKwtUon Of redaction of highly lUvored apedrt will conform to drtlrohle 
sfl^lcijlluiiai pructlDw. SllrJcultuiul control, theP(tfopB> baa the added advautage 
of ecrvtoa ih* ohjectlres of foreul improreuiiuit. 


An introduced insect insy thus prove to bo tba tlonunant factor in 
shaping plans for the numugenient of large areas of Naw Ktigland 
forest land, prOFidfsd our present appraisal of its economic importance 
aos not been too pcssioiiuttc, 

A dominant factor in shaping cultural practices for white pine iti 
the Northeast bos been the white pine weeTih As farm lands were 
abandoned a ^neration or more ago, they seeded in to stands of while 
pine. Irt addition many acres were planted. Gradually it dawned on 
Ihe Jondownerfi and fotestera that many apiwrcntly vigorous sUrids 
were worthless “cabbage pines'* as the result of repeated attacks of 
t e white pine wseviL The many desirable chsractcristicu of tbis 
tree, particularly its rapid growth and high-quality wood, led to 
repeated investigations of the wuevil problem, culminating in recom- 
mendationa by the Bureau of Entomology and Plant Quarantine, the 
New York State College of Forestry, and Harvard Forest for growing 
mixed stands of hardwoods and pine to avoid weevil damage filac- 
^onuy, l&a2) and for the reclumation of uierchandisu Imlss from 
badly woevilud stands. (Cline and MucAloncy, 1631 ,1633 1633 1 
Continued experimental work on the Harvard Forest tracts with 
pines pifluted sniaitg hirdwiwl seedlings wm recently verballv re- 
ported to the writer by A. C. Cline, director of Harvest Forest, Indi^ 
rating simplified measures of growing these mixtures to avoid wuevil 
damage (pi. fl, fig, g). ft b obvious that white pines of value cunnot 
be grown commereiaUy in the Nortlieaat imlesa these methodH or sub- 
ficcjuent modmeations of them are utilized. 

P^g white and yellow birch in overmatured atnnds or foil owing 
j operatitius or severe droughts have invariably been found 
mf^cd with the brenzed birch borer (Agrtius mixiue Gory) in tho 
North^ and m the Lake States. Studies of this insect (HaU, 1633) 
have ied to the conclusion that “changes in the physical factore of the 
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environment brought about through the mediuin of togging are often 
Buch that trees left wlU succumb without the attack of eJtliea insects 
or fungi, and the borer ^lays only the role of a secondary factor in 
hastening post-logging decadence.’’ 

Thus a study of this insect has led to a better understanding of the 
eilvical characteristics of these trees and the need of mcMliflcation in 
cutting practices. 

Tile turpentine borer, SupreMiiit apncAm (Herbat) (pi. 12), has 
been a contributing factor in shaping plans for the management of tbo 
turpantina gtOTCS of the South. TItb borer attacks tho faces of 
turpentined trees, riddling the entire bases of the trees with its 
mines and so weakening them as to cuiiss extensive wind throw. It 
was found that only “dry-faced” or hro-scorched faces from which 
the protective coating of resin had been removed were attacked. 
This emphasized the value of conservative practices, such as narrow 
chipping and fire protection—^practices which were advocated for 
obtaining better yields of gum (Beal, 1032). 
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$.\tir, -it * cl^ KAlhrli# *iii Jnni^'^ nirrrvni Of |4 tir lo^cir fmnli qI tiOQ>Jc!E«tdi plEH tree t^oriflq Ib-ibov 













t. INFESTATION OF THE MOUNTAIN PlNE BEETLE IN A VIRGIN STAND OF SUGAR 

PINE. 

^ osonijU' Natleitial Park^ CaJlL Auguiit Tht* li^ht-colori-t] arc» rm^nt Hitasks anU hiive bwn 

laum fur unly a short timo. 
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PoNDERosA Pine Timber in Modoc National Forest. Calif 
Western pine beetle. 


Killed by the 


Eastside plnv typo. Bvptemher lia2. 
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T. SALVAGtHS. Ht^fTTLC-HILL£G POMOEROEA RlNg THE SHASTA Na 

TtOWAL FOHFST CaL^F 

The law Mi' biJnt lnicLi-ii In tht mlLl fowt lumlif. J13J1' IQ 3 u. 



2^ O^URNrNG The INPES^IEP ^.AftK AuOhHG THE SOLE OF A Laftqe PONDERAf^ PPME 

Tree, 

EflmilnbfcM .VaEJuiiA] Fowl. CiJIf. Maj IKl^ 
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PLATE 4 



A Large Sugar pine Tree Recently Killed by the mountain pine Beetle 

JN THE STANISLAUS NATIONAL FOREST, CALIF.. SEPTEMBER 1935, 

t m&lly such large troths art' ntit kilWd by this bej-tle in a single year, twn or more attacks often being sulTerad 
belonr the entire stem becomes infestctl, ^ s-uncreu 
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1 PN A LOf3<^eFCUl. i^PP^E GHOST FOREfiT OF VOSflMrTC NATIONAL FaRK. CALIF 
TIvm? Wf lTfi tit IClIbpd by Lhil nipUlEtHiti tiirir- EHw|.lir !|fl !□ <‘Ell^C!l|(; PlMtlElf Obly 4 IBlfl. 



2. iNI-'liSTATlOH OF TmC MOUNTAIW RIME eEETLF IN U50&EFOLE PiNE. 
hLirH ■ kImi ihnw wltlU' |ei jifiUttiKniiJi. IlkElTITHi Xfttkjnil 


SnuthAdiu«n Rjqjoct, 


Pi-ATE 6 



1, Treating White pine Trees Ineested with Broods of the Mountain pine 
beetle by Burning Decks of Infested Logs. 



2* Treating White pine Trees Kil.ued by the Mountain Pine beetle by Peel¬ 
ing Bark from infested Portion of bole. 

’VVhon exposed^ th« insectit are destroyed by aula and small mammal^i. 



Report. I HI.—CrAigheAfJ PLATE 7 





I 2 VU 0 

H n ^ i 

s ^ S 

m 

XO 

w z a w 

X — iiS X 

0 r J £ 

U < 0 

Z > it. I 

til □ 0 

< tn s , 
W UJ V u> 

Sz“g“ 
i<£S2 
15 y < 1. 

^-(n(L 0 



UV U1 

ZH 

Qw J 
_i 

Ij5 

go - 

li! 1“ 1C 
0 0 0: 
Q W < 

0 z m 

o m X 
o 

« z w 
liJ < X 


2 ^ T 

-of 

y T- < 

J E y 
P L z 
y > ^ 

0 ^ 
y ^ 
^ V Q 

o: < 0 

< 5 0 

m Q, o: 

VICQ 














SnuthuuuBii Report. Craishead PLATE 8 


I 















SmJtluianiAi) Report IWf.—Cri*ihe«d 


Plate 9 



1. PANDORA Moth (Coloradia pan dor a j a Defoliator of ponderosa. Log de¬ 
pole. ANo Jeffrey pines in Oregon and California. 



2* various Stages of the Spruce Budworm (Cacoegia fumiferana) eggs 
ON Leaf. Larval Instars, pupae. Cast pupal Skins, and adult Moths. 
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= Cor«ENTft*TEOOlL.(,eAO ARSENATE MIXTUnt 

Over Red Pjne PLAWTArfON Infested with ^eodipriom sertifcr. 



a. larvae of the Eurcpeam spruce Sawfuv (□jfaion rolvtomum) Mae 
UNDEBTHETRjiesTHEVHAVE nEFOUATEC. 

Th** JUfL. I^FI [f, ilH „w,„rf Iht ruUntf !• niitvjmnJ Is IlMJrMnll ^rf vj<llll4|Ml fcwl, 
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SCOUYTUS MULTISTRIATUS, THE VECTOR OE THE DUTCH Elm DISEASE. 

Adult, eggSi larval tunnels* larva* pupa, exit boles and feeding scars, and point wbere tree is inoculated with 

the disease. 


Rrpwl. 
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B<iPm !ByPRESTiB APfFpcANSi> Attacks 

LONGLEAF PInes AND SO HIPOL^STRE WOOO WITH 
TMAt THE T FiFE& B R EAK OFF 


THE eA-^ES OF TUR- 

thF Larval Mi nee 



GROWTH HORMONES IN PLANTS ‘ 


Uy V* Thtmaitji 

H^rv&rd Bioktfiicat LaIn)ratori^t, J/iHff. 


EWlih 2 p]«ti«i| 

ITiG d(!vetopment of our kDowle«l|;ie of the plant Jiormones ia a 
very interestitig exaiuple of how a pi^ce of iiigiearcli which 
puraty ftc»cJemic may lead to reaullji of considorabk praetJeaJ impor* 
tance* It also demonstrate-s rather ttcU tlia reason for the foacmatian 
of soietLtific work, becaasa ooe oevnr knows quite where one is going 
to be led neit. Alnjoet nny research problem becomes a kind of chase, 
with nil the escitemcnt of an old-time comedian's chose, which may 
embroil him in all kinds of difficulties and may finally land in tli'a 
most unexpected places. 

No ecientific story, of course, has a tnia beginning, for they all 
grow out of some earlier one, but this may be regarded for the present 
as begiimmg in 19I&, when Professor PaA], in Hungary, was studving 
the res^mse of certain seedling to light. For Uiis work he used the 
coleoptUes of the cereals, especially oats. 

In a field of oats or wheat, when the crop is still young, one may 
often see a thin, papery sheath at the hose of the stalk. It is soon 
torn open by the leaves which grow up through it, and withers early. 
This delicate shoot first attracted the attention of Gharles Darwin hy 
its extreme sensitivity to light, and since Danvin many others have 
studied it. Now Pool was interested in the effect of the extreme tip 
of the coleoptilo on the weniiitivity of the part below it. He was ani- 
ious to confirm the earlier finding of Boyaen-Jensen (RJIS), which 
WB3 that if the tip Lt removed, the sensitivity to light—as shown by 
the curving of the colcoptile toward the source of light—was lost, 
and that when the tip was replaced (not grafted but just glued on) 
this wneitivity returned. Ha not only did confirm thia, but found 
something even mono important. If the tip which bad been cut off 

* PrtHiLtMj Al B nuitlDf It thft FriuMlB tniUtuli- 0, IB33, t>r permttf- 

■S(pa from ill# j&mrnni tfaB Fficniilln Invtlrat#, toL 22S, Na, UE-nh 1040. 

m 
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wjis stuck <m again a littia to one side, the side tm vMdi it rested 
grew Mora than the opposite side, with the result that the plant 
curved (fig. 1). Ko light was here involved; the curvature was due 
to the one-sided influence of the tip. Piiil deduced that the growth 
of the shoot was oou trolled by a growth sub^^ce or hormoiie which 
was produced by the tip. 

Now the idea of hormones was developed by zoologists to account 
for those phenomena in which one organ influences tissues in other 
parts O'! the body. The heroine of the diiuo novel, who is suddenly 
confronted by the villain, or by the family ghost, turns as white as 
H sheet, her hair stands on end, and her eyes widen with horror. 
These effects roHult from her having received a dose of a hormone 
(adrenalin) which is soercted in a epecial gland and travels about 



Fuuu L—me cvpcrlincat of Pull. Tefi. latiirt Eeedllari center, tip removed 

And ni'plactid to cm* ildi?; r|^t„ curratora reflultlfij;. 

in the blond stream, causing the capillaries to contract all over the 
skin and 9calp. Afany other hoimonea are known. All of them are 
secreted in Eome part of tlie animal body and travel about it to ciert 
their effects in otlier parts. 

In this case growth is controlled by a Fubstance or hormoDe se¬ 
creted by tha tip and traveling down the side of the pUnt, which 
responds^ by growing faster. In the normal plant, with the tip 
symmetrically placed, aU sides would receive the same amount of 
tho hormone and consequeiilly would grow ertually. 

It was 10 ycara l>efore the next (step forward was token by Went, 
in Holland (1.92S). He found that if tha lips were cut off and 
placed on a jelly of agar or gelatin, this jelly acquired tho property 
of hastening the growth of a colooptile stump when applied to one 
aide of it. The growth-promoting hormone bod diffused from the 
tip into tlie agar. The curvatures which resulted were very regular, 
and Went found that under constant conditions the reaction could 
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bo used as a test for tho JiortiiDna (Sg. £). A^ar pieces of contioUed 
siso were lued, aud the curratare of the plants meusurod after a 
dedmte titue. The curraLuru wits then proportional, withm certain 
limits, to the amount of hormone which must biive entared the ai^r. 

Instead of placmg tba sjpir on one side of the ookoptile stump 
it can be plurec] BjmmetricaUy on St, thus tokiiq' tlie place of the 
tip, with the result that the culcuptJIe grows lister on all sidas. 
With a traveling uiicroecope the straight growth can als» be used 
for the assay of the growth hormone. This ia important in prin¬ 
ciple, but the curvature uietliod has certain technical ad vantages 
for use oa a routine test, 

Jfnw there are a good many initunil conditions under which plants 
curve. Plants are not free to move about os the higher atiimak 
are, since tlieir base is usually fixed. When one ia confined to bed 
by doctor’s orderK, one’s base is similarly fixiHl, and about all that 
one ran do, when receiving visitors, is to curve in various ways. 



FtonaKS.~Oat aticilllcfi^ with tip* reoiCTed and bliiclw of ajpir conlnlniiitf t.'niwlh 
hormone appllMi Photosmi’liad 100 mlantes loter. 


Plante curve in particular in restate to light and gravity. In these 
curvatures tJiere is a characteristic difference between the response of 
llie ehoot end that of the root. Shoots curve toward a weak light, 
white the i™te are either indifferent or (in somo plants) curve away 
from the light Shoots curve upward away from the earth, roofs 
typically downward. As mentionHd above, it was from studies of 
the curvature toward light that the role of the growth hormone was 
discovered. Naturslly, therefore, it otmurred to these workers that 
the curvatures caused by asymmetric application of the growth hor¬ 
mone are probably related to those due to light and gravity. Cho- 
lodny, in Russia (Isa?), suggested that nil such curvatures were duo 
to a displacement of tha hormone within the plant, mows going to 
the lower side when the plant is placed horizontal, or to the shaded 
side when exposed to a one-sided source of light. That this is the 
correct explanation was proved in fhs following way; tips ware cut 
off and placed on two email piccca of agar so that the hormone 
diffusing from the two sides would be collected in separate pieces. 
On now espodng to light from one aide, the agnr on which the dark 
side rested was found to ooutain more growth hormone than the 
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other. The amounts of growth hormone were determined by apply¬ 
ing the agar to other plants from which the tips had previously 
been removed, and measuring the curvature. In the same way tips 
were placed horizontal and the agar in contact with the lower side 
was then shown to have more hormone in it than that in contact 
with the upper side. (See fig. 3.) The^ experiments have since 
been repeated in a variety of plants and they leave no doubt that 
this is at least the major factor in the production of such curvatures. 

It was not long before chemical work on the nature of the hormone 
was undertaken. This was made possible by the discovery that it is 
present, in much larger quantity than in the coleoptile tip, in cultures 



FiGUBB S, ^AboTe, light comliig in direction of arrow causes more hormone to 
diffuse out ttom the dark side, D, than from the bright sJde, B; below, gravltj 
acting on the tip placed horizontal causes more hormones to diffuse out from 
the lower side, L, than from the upper side, U. 

of some bacteria and fungi, and in human urine,® Kogl and Haagen 
Smit, in Holland (1931-34), isolated three active substances from 
urine and also from com seeds, while I isolated (1935) the substance 
produced by the fungi and found it to be identical with one of their 
compounds. Since then other active compounds have been synthe¬ 
sized, and we now have a variety of these substances, which all have 
about the same effect, though in different degree. They have been 
called ‘‘auxins/’ 

While this work was developing we made a survey of the distri¬ 
bution of auxin in the whole plant. It was found that it is formed 
mainly in growing buds and in young leaves. This had an im¬ 
portant sequel. As is well known, plants usually have a ‘‘leader” 
or terminal bud. If this is cut off, one of the other buds begins to 

*More tlian 10 mUlion eoleoptU® tlpi wod 1<3 be required to prepare 1 mUUgram of the 
uoriaojae^ 
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grow and soon becomes the leadHr. In other words, this hud was 
capflbJe uf ifrowth all the time, but did not do so because the terminal 
bud was present, i. o., it wits mliibitiHl h_y the terminal bud. Now 
since the tHrminiil bud produces rdativcly lirge amounts cpf Huain, 
Skoo^ and I mode the experiment of removing this bud and 

putting in its place a supply of auxin, The buds below wens then 
inhibited to the same extent as they would liave been by the terminal 
bud. Tho auxin which Lliia hud produces, then, has two functions: 
it causes the atom below it to glow, and it caiij?n 3 the buds below it 
to be prevented from growing. This is the Erst example of what 
was later foimd to be very general, namely, tJuit auxin elicits differ¬ 
ent responses from different plant parts. Although nomiaMy it 
causes tlie stems to grow while the buds are inhibited, it must not 
thought that this is aunply a balance or & compensation of growth, 
i. e^ that if the stem grows tho buds do not and vice verso. For wa 
found that it is possible by using the right conditions to prevent the 
growLli of tliB buds without causing the stem to increase appreciably 
in. length. In other words, tli* iniiibitioii is quite mde^^endent of 
other grow'th procssses. 

At the same time that this work was done we were engaged in the 
study of another problem. It is known thai. isolated parts of stams, 
icutit in^, form roots under certain conditions. Generfilly cuttings 
root better if young buds or leaves are on them. On this account 
it was thought possible by van der Lek and by Went {I92fl) that 
Uie formation of roots is controlled by hormone. Went and 1 
(1634) soon found that certain preparations when applied to cuttings 
which otherwise ivere not in the condititm to root (having been kept 
m t!iH dark) caused rooting, and that the number of roots formed 
conUd bo made roughly proportional to Uie concentration of the ma¬ 
terial used. Work was therefore begun on the purification and iso¬ 
lation of the active root-forming hormone. It was not long before 
it became clear that the richest sources of this were tho same materials 
which had proved tlie rich sources of auxin, namely urine and the 
culti^ of fungi already mentioned. On succeaaive stages of puri- 
fiMtion of tho root-forming hormone, its activity always went along 
with the auxin activity. Fmally we became convinced that the root- 
forming hormone is identical with the growth hormone, auxin. This 
w^ proved when we s^thesked nn auxin (indole-acetic acid, which 
N6gl and Haageii Smit had j'ust isolated from urine and shown to 
bo an auxin) and found it to be highly active in producing roots. 
Furthermore, the production of roots, like the promotion of growth, 
is geaeral and uut limited to special gioupw of plants, so that the 
use of aimns by nurserymen in promoting the tooting of cuttings hea 
since that time become widespread. Severe] synthetic auxins have 
been marketed for thin purpose. 
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Although the results of auzm treatment in rooting of cuttings are 
in general very striking, there are some plants which do not respond 
markedly even to this. Becently we have studied some of these so- 
called “diflScult” plants. It appears that some of them, such as 
Canadian hemlock and blue spruce, may be readUy rooted if care 
is used and auxin in the right concentration is applied (pi, 1). Some 
others, such as white pine and Norway spruce, can also be rooted, 
but only when the plants from which cuttings are taken are them¬ 
selves young (pi. 2). It is important to note that it is not the age 
of the cutting which is important, but the age of the tree from which 
it is taken. Occasionally, too, other substances, such as sugar, vitamin 
Bi, etc., when used together with auxin, promote the formation of 
roots. 



FionKB 4.—Inward curvature of alit stems In auiin solutions. Left to right: 

water, 0.2,1, and 5 mg. auxin per liter. Photographed after about 30 hours. 

Another fact of some importance in the rooting of woody cuttings is 
the type of shoot used. In some of the conifers it is clear that there 
is a difference in response between the side shoots (laterals) and the 
apical or terminal shoot. The latter, even if supplied with sufficient 
auxin, roots less readily and dies more quickly than the side shoots. 
Thus here again the response to auxin varies with the part of the 
plant. 

Perhaps the most remarkable variation wi thin the plant is sliown by 
the different responses of different parts within the same section of 
stem. If stems of young pea plants are slit in two and placed in auxin 
solution, the two halves curl inward toward each other. The extent 
oi the curvature varies with the concentration of the solution, and 
the reaction can thus be used as a test for the auxins (fig. 4) . Many 
other plants show the same phenomenon; dandelion stalks are very 
responsive. The development of the curvature can best be shown 
in the form of a movie, taken by lapse-time photography. The halves 
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first cuTTe oatward, then after an hour or so the inward curvature 
begins and is complete in about 20 hours. 

Now in this reaction the auxin is being supplied to all the tissue, 
since the piece of stem is immersed in the solution, yet nevertheless 
the curvature which results shows that the tissues on the outside 
grow more than those on the inside. It is evident that this phenom¬ 
enon is (juite different from those described at the beginning, in 
which curvature results because the auxin is only applied to one side. 
We have accumulated a good deal of evidence to prove that here 
there is truly a difference in the response of the outer and inner 
sides to the same auxin concentration. 

Such subtle differences as this between closely appressed layers 
of tissue, or those described above between the rooting response of 
different parts, can now be investigated for the first time by the use 
of growth hormones. These substances are a powerful tool for 
studying all kinds of phenomena in plants and especially that most 
obscure process of all, whose understanding is one of the most 
fundamental things with which biologists are concerned, the 
phenomenon of growth, 
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USEFUL ALGAE 


By Fldsence 

Associate Fiant PhtfHoloffUt, DivUUm of RadioHon md OrganUmi, 
Bmithaonian Imiittition 


(Witli 9 pl«t«sl 

ALGAE AXD THE ANCIEOTS 

The earliest mention of algae that we can find in the Chinee Classics 
is strangely enough an economic one, thereby discrediting Virgil’s 
famous words, “vilior alga” or ‘^useless seaweed,” In the Book of 
Poetry, the Chinese song words which have a datable range between 
800 and 600 B. C,, the following ode occurs: 

the DIUGEHCS and aCVEBINCE or THB TOUKO WIFE OF AW OmCHt, DOING HEK PAST 
IN aACBinClAL OFFEEINOS 

She gathers the large dncfeweed, 

By the baolcB of the stream In the sonthem valley. 

She gathers the xK>Ddweed, 

In those pools left by the floods. 

She deposits what she gathers, 

In her square baskets and roiiiid ones; 

She bolls It, 

In her tripods and pana 

She sets forth her preparations, 

Under the window In the aneestra] chamber, 

Wlio superintends the business? 

It Is [this] reverent young lady. 

In Legge’s translation of this poem which is given above, the words 
‘^pondweed” and ^‘duckweed” are designated in the original Chinese 
version by the character for algae. From this poem we can assume 
that even in the time of Confucius algae were considered a food of 
great delicacy, even a worthy sacrificial offering to the ancestors since 
the ancestral chamber is known to be the room behind the temple 
specially dedicated to the ancestors. 
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Alg^e Trere alsocoimidmd an miblematic figurt^ for in the cIjihsIcbJ 
Book of Hktory, the ChioEise chjaracter for algae f>eciirB in the follow- 
ingj where Leggo tnmaktod it aa "aquatic 

Th^ emperevr: "I wLkIi to *60 tbe emblenuilk Rgures of tbp auclenta^ — ih^ eoOr tbs 
moon, the «tE.T\ the iBOiLDt^in^ (Imgsitif anrf tho flowery fowt which are 
depicted on tAe fipi^er pOrmeMl - the temple enpt the Aqtuitie the .flomH, 

the grehiji of rice, fb^> hatchet; end the ejmhal of dtstlnetloco, whlt± ire fsnhrtild- 
ered on lAe Jovcv pCrmcntJ* 

Anothof use of tJie beautiful forms of algae aa deco rat ion is diC@cribod 
again in the Chinese Classics m followa: 

The Jffljiter tCO[Lfocitu]i Wfle kept a tai£C tortohie In a hoiiRe, on 

the capitals of ihe pUJots of whJtdi he had hllU nitide, with represeniiitlDDs of 
duckweed on the wall pUJotf atevo tho bearttM *upf^rHnp fAo mf (cr*/' 

Wg als4] find in the Cbnfocion Analecta r 


The cmpltalo of the pfllart la the ip-mitd temple with liMIs rerved on them, and 
the pnndweed itmol e&rrlJig on the amull plUarx. 

In their writings anil speech, the Chinese use the character for 
aJgae to describe a thou^t where the meaning of elegant, or fine 
composition is implieil, thereby showing their appreciatfon of the 
delicate and intricate morphology of the aJgoe plants. 

AJgae, or seaweed, are described in the hfutoria Mcdica of the 
Ancient Cbineae as follows: “Wlmle plant is officmal. Tarfe bitter 
and Jjait. Nature cold. Nonpoisonom” “The Aoti t^ao (algae) 
grows in Tung hai (Shantung) in ponds and maridies. It is gath¬ 
ered on the seventh day of the seventh montli and dried in the sun.” 
“It grows on islands in the sea, is of a blach colour, and has the 
appearance of flowing hair.” Then in the eighth century; 

Tlierfl are two Jdndfl af Ths ma wH UiJJ> tn 

ahaJJuw watAr» It look® like a abort bow tail, ia Jlne-laaT^ and black. 
Before nm It maat be steeped la water to remove tbe btacklab Laste. The other 
Wad bus larje leaves aad In the iJeep sea near the KLojtfloiu of Sin la 

The loarea are Hke tho^ of the ahuf huo but larger. The een people liarLnf 
attached a repe to their walata ^IAb down to the bottom of tlje soi and ao 
Eveare the aeaweed Owing to the appeoraiire of a £bh, dnn^eroaA tn 

maiu Jt cannot be a^ihered after tbt? fifth moath. This plaot £■ mentJanad In 
the Eh jfo. 


Then there is an alga with Tcrtidllate leaves called “hoir of the* 
^ad TGgetable*’’ ^Eun pu (a kind of algae) is produced in the 
oidfirTi It is twisted into ro|i6 like heinp» It is of a yellowish 
black colour, Boft but tough and edible* Hie Rh ya calls it lunJ^ 
Stiil in the cightL; century: 


The hun pu la produced la the ^utbmi Sea, The leaves are Ukn a hand, 
and of a pnrpllah red colonn Thla plant mid!ilat-Ef>k [Ijj the aeal. The 
former, fcoreans) twl-rt IE Into dry it in the Ebndc. and carry It bj 

i^p to China. All the Ulfltraiit of hoi ttai {seaweed) resamble rabh 

o ET In ijualltj and taate, and their medical Tlrtnes also are mncls alike. 
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StiverjiL kiudg of uJgae ircrti used hj E.ho onci^t Chiti^^ lu^ food. 
The large seaweed called Lammari^ sacch^rina and 

common]j known els CeyJou mo^s are mentioned as articles 
of food in the CliineEs MLiteria Medicu* Tlie Chinese regarded a 
seaweed diet as cooling but ratlicr debilitating if purhiied for a long 
time. Both os a ftnyd anil a medicine was used Porph^^ ^ocHneu 
which is described m tho Clikkcsc J^Iatcria iledica as follows: 

Thift alijiil jilant i* a ncatt Af whkh Ib (?r«n when in the frwsh state and 
piiiplD when dry. It grows an t±bG AoaRJiare af Snuth China and the Titklene^j 
gtither It and prest tt into cakes. It £r noi potficneui^H hut when taken In excf^a 
prodnees CQllcky paln^p JlaEnlencG, and eracmtloa of mnena It; I a reec^mmepded 
in ilJJKiL3v4 of ILn tJirUaU eypeciullr cnltcr. 

Tho Fentsao rGcommends all of the medicinal algae in the treat- 
Bicnt of goiter. A seaweed called k\in-pit was rocomipcndcd for 
dropsies of all kiJKk. GiUur-Ka-putto, a dried scaw'^ collected 
near the niouth of the Saghalien River 'ivaw highly prized in upper 
India as a remedy for bronchocelc, Lung-shS-ts’Eji (dragon’s tongue) 
was used ns an application in the treatment of abscesses and cancers. 
Gracilaria Jicheriifide^ was utilized as a demulcent in intestinal and 
bladder difficulties. Practically all the medicinal pni|n?rties of plants 
licti attribntiid to the seitiimylhical Shon Xung, known as the First 
Farmer or Father of Husbandry and ^leilicine,, and who purportedly 
lived in 30OD C+ 

Virgil, the prince of Latin poets^ who lived from 70-19 B. C., 
used rhe phrase ^vilior alga’’ meaning “more vile or H'orthlese than 
algaeAlgae grew in great abuntlanE-e almut the Island of Crete. 
When it wos tom by the Tiolence of the waves from tbe rocks where 
it grew and was then tossed alnjut the sen and finally cast upon 
the ehore^ it became altogether nseicss^ lost its colur, and presented 
an unseemly appearance. Again, in another passage^ Virgil writes 
of t^aweed beaten back a^in$t the shore by the waves. Evidently, 
seaweed had no value w’batsoever in his eixjeriencc. 

Hfinvce B, Cp) shared Virgil^s poor estiiuaficm of algae. In 
his Satires he writes: “But birth and virtue unless [attended] with 
substance, is viler than seaweed^^ and again, ‘^nmnrrew a tempest 
sent from the east shall strew the grove wdlb many leaves, and the 
shore wdth useless ^aweed, unless that old prophetess of rain, tlic 
raven, de?ceivefl me.*^ 

However, Pliny I he Elder (A. D, 23^79), the Hunmn naturalkt, 
speaks of garmcota dyed purple with “phyi:ns llnllasioti,^* ji seaw eed 
like let luce. He ako uses the word “fucus^* for dye. nien he uses 
the word “algenHiSj,-’ jzieuning that which supports itself or lives iipon 
seaweed. 

In hi3 Epigi-ams, Martial (A. D. 50?-102t) wrilea-of tho 
swarthy Indian discovors in Eastern seawoed/’ meaning pearls. 

AKSTT^i- 7T 
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WHAT ABB ALGAE? 

The word “alga” (singular), “algae” (plural) comes from the 
Latin and is used by us to designate the large class of plants, the 
algae, which are the lowest and simplest in organization of all the 
plants in the plant kingdom. The algae, like all the plants with 
which we are familiar, possess chlorophyll, or green pigment, and 
are thus able to make their own food &om inorganic materials such 
as carbon dioxide, water, and certain mineral substances with the 
aid of light. Alga is derived from the Latin word “algor” which 
means “cold.” 

The algae include the seaweeds and unicellular and multicellular 
green plants that do not possess a true stem, a true root, true leaves, 
or true seeds as are found in the higher plants. All of the life proc¬ 
ess^ of the algae—respiration, photosynthesis (the manufacture of 
their food), and reproduction—are organized within their cells. Al¬ 
though they do not have true organs—root, stem, leaves, and seeds— 
they possess the green piginent called chlorophyll which is charac¬ 
teristic of plants and essential for the production of their food. 

The lower algae include plants whose whole framework consists 
of an individual, isolated cell such as the Diatomaceae, Desmidiaceae, 
and Palmellaceae. Every function of life is performed within the 
cell: the assimilation of gases and salts, the manufacture of their 
own food, and growth until the cell reaches the size proper to its 
species. Then the nucleus within the cell gradually separates into 
two portions and at the same time a cell wall is formed between 
each portion, thus forming two cells from the original one ceU. 
These two cells do not adhere to each other as cells do in a compound 
plant, but each half-cell separates from its fellow and starts out 
on its own independent career: food manufacture, increase in size, 
division at maturity, and then separation of the contents occurs 
again. In spite of the fact that these infinitesimal plants are micro¬ 
scopic in size with their uniform and simple structure, they have 
an innumerable variety of exquisite and artistic forms, and the secrets 
of their mechanism are still puzzling and intriguing the scientists. 

In other low fonns of algae, the cell is cylindrical and sometimes 
lengthened mto a threadlike body, or the lengthened cells are joined 
end to end as in the OsciUatoriaceae. There is a further advance in 
the Vaucberiaceae, 'where the filiform cell becomes branched without 
any mterruption to the plant body; and these branching ceUs some¬ 
times attain mches in length with the diameter of half a hair and 
constitute ^me of the longest cells among plants. In the nearest 
genera to Protococcus the frond is a roundish mass of cells which 
cohere megularly by their sides; then more advanced are the Ulvaceae 
where the cells are arranged in a compact membranous expansion 
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formed by the lateral cohesion of a multitude of roundish polygonal 
(due to mutual pressure) cells that originate by the quadripartition 
of older cells (longitudinal as well as transrerse division) so causing 
the cell growth to proceed nearly equally in aU directions. In UVaa, 
or sea lettuce, we find the earliest type of an expanded leaf. 

Similarly, the earliest type of a stem may be traced back to the 
cylindrical cells of the lower algae. In Conferva^ whose body con¬ 
sists of a number of cylindrical cells fastened end to end, all con¬ 
tinually originating by the continual transverse division of an original 
cylindrical cell, the frond or plant body continually lengthens but 
does not make any lateral growth. It consists of a series of joints 
and interspaces and correctly symbolizes the stem of a higher plant 
formed of a succession of nodes and intemodes. In other genera, 
these confervoid threads branch and the branches originate at the 
joints or nodes like the leaves and branches of the higher compound 
plants. In still other genera of algae, the stems become flattened 
at their summits until leaflike parts are formed which again by the 
loss of their lateral membranes and by the acquisition of thicker 
midribs change back into stems. Among the most highly organized 
algae there are leafiike lateral branches that assume the form and, 
to an extent, the arrangement of the leaves of higher plants. But 
even when the leaflike bodies appear most highly developed in the 
algae, they are merely expanded branches as may be seen by observa¬ 
tion of the gradual changes that take place in a young Sargaasum. 
seaweed as the frond lengthens. 

The algal cells imbibe their food equally through all parts of their 
surface and the food is passed from ceU to cell toward the cells that 
are assimilating more actively or growing more rapidly. The salts 
and gases that compose the food of algae are dissolved in the salt 
water or fresh water that surrounds the algal cells or they are m the 
air or dissolved in the water in the soil about the algae. For tliig 
reason the alga does not need a true root such as is found in the 
higher plants. Where a rootlike organ exists in algae, as in the 
larger seaweeds, it is a mere holdfast with the purpose of anchoring 
the seaweed to a stone or wooden base and thus preventing the seaweed 
from being driven about by the action of the waves. Ordinarily, in 
the smaller kinds of seaweeds, it is a simple disk or conical expansion 
of the base of the stem that is strongly fastened to the substance on 
which the seaweed is growing. In the gigantic oarweeds, or Lami¬ 
naria^ where the frond has attamed a large size and offers a propor¬ 
tionate resistance to the turbulent waves of the ocean, the central disk 
is strengthened by lateral holdfasts or disks formed at the bases 
of side rootlike parts emitted from the lower part of the stem, just 
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as the tropical scrctrpiiio Pand^v« puts out and slirouds to 

support the increasing weight of the growing bead of branches Tlie 
branching false roots of the are merely cnnijKujnd Fueua 

dii^lrs and in some few iostnnees, os in Macrce^sHs, the grasping 6bers 
of the root like part dcTclop eEtensiTely end form a matted eub- 
Btratum from which many HtemTikfl pactit originate. The holdfast 
eitcnds over the flat surface and adheres to it with no tendency to 
penetcate it ae do tlie roots of higher platite. Only on unstable soil, 
as on the shores of the Florida Keys, do the rootlike holdfasts of tho 
Siphoneop anti the Cmdcriiewe penetrate into I ho Band, forming a 
compact cushion but in search of stability in the shifting sands rather 
ttiao for foiKl. 

The four chief varieties of color observed ninong the algao arc 
green, blue-gteeti, uJive green or Iiruivti, and nut* Tliey form an easy 
method for separating the algae into seporato divisions since the 
classes of color arc fairly caiistanl. among sfiecieH that are allied phys¬ 
iologically and morphologically. 

The green color of the Clilortjpliycene, or green nigae, and the 
hItiH-green color of the Cyanopbyceac, or blue-green algae, la tdiar- 
ficteristic of the algae that grow either in trees, in the soil or on 
land, on rocks, in fresh water, and in the shallower par fa of the Bea 
where they are exposod to full enrmhine but are seldom quite un¬ 
covered by water. About onc-fourlU of the green and hhie-grcpn 
Mlgua found in deep water are as viviil a green as those found near 
the surface so that it cannot be assumed that tlie green color, as in 
land plants, is due to a perfect oipoHurB to aunlight. 

The brown algae, or Plmeophyceae, are tnost abundant between 
tide niarka in places where they am es[io«ed to the air at the recess 
of the tide, and are thun alternately parched in the sim and flooded 
by the cool waves of tho returning tide. They may extend to low- 
water mark and form a, broad belt of vegetation a bout, that level, 
A few straggle into deeper water, anmotimeg into r«dly deep water. 
The gigantic deep-water algae il/ocirocysf/fl, Ncrette^^iU, ZcMOfWtr, 
and Dur'ifiiit it HIT ol ivc-colopcd. 

The red algae, or Khtaiophyceae, arc most ahimdant in tho deeper 
and darker partn of tha sea. They rarely grow in tide pools with 
the exception of pools shaded from tho direct rays of the sun by on 
overhanging rock, or by overlying brown nlgae, Tho red c-olor is 
always most intense and pura when the plant gi'ows in deep water 
as may be observed by tracing tire samn Kpwie,B from the greatest 
depth to the leant depth at which it is found. m^pia is 

dcop-purpliBh rod in deep pools near the low-we ter mark but in 
shallow pools where it U exposed to the atm’s rays it fades to greenish 
or whitifih 
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aiany species of scaireedg, fresh from the sea, ran resist the action 
of freidi water while oihera instantlj dissolve and dcoompoRB in fre>ii 

water. . 

Tn the lowest forms of algae where the whole body consists of a 
single cell, some cells gradually change and are eonvoilcd into a 
fijairE or fruiting iHsiy without any obvious contact with other cells. 
More freiiijently, as in the Desmidiaccac tmd Diatom acttae, a spore 
ie formed only hy the conjugation of twti (-elLs or individual plants- 
Wlicn the I wo cells are nml tire, usually filled with darker-colored 
cliloi'ophyll, they approach each other- A poition of the cell wall 
of each one is then eitendml into a tuberdo at opposite points. The 
tubercles come in contact and become conlluent as the cell wall be¬ 
tween them vanishes and it lube tlius connects the two cells. Tlie 
contents of tlm cells are mi^cd through this tube and a sporangium, 
or new cell filled with uporefi, is formed either in one of the old cells 
or at the poinl of the connecting tiilie. Then tlie old, empty cells 
die while the sporangium may remain dormant for a year or several 
years. These uporangia which urn formed in abundance at the close 
of tlic growing Ee.T»tui become buried in tho mud at the bottom of 
pools whore they are encased when the water dries up in the summer, 
tlien in the spring aiili the relum of water they ilavt-hip now fronds. 

The filamentous algae of ih« pools and ditches also form new^ plants 
111 this manner. Almost ever)' cell of these filamenle is ferlila and 
when two filaments are juiii«al together a series of sporangia will be 
formed on one filament while the other is converted into a siring of 
dead, empty cells. 

In tlie h ightwl algae there appear to be t wo sesw, Tl» b sporaiigi um 
is fertilized when it is in iia most elementai'y form ond when it 
cannot bo distinguished from an ordinary cell. Tim fertilizing 
organs are called nntlieridiu and are most readily seen among the 
Fucacene. 

Besides reproilueing by single spores many algae have another and 
sometiincH a third means of reprotluction. 

As has already been mentioned, the simplest algae divide by the 
division of a single cell into two cells. 

In tho green algae, the homogenous, semifluid consistence of the 
cell becomes granulated. Tlie granules detach tlicmsclves from the 
rail wall and float freely in the cell. At first they are irregular in 
shape but grailually they betome aphericaL They congregate in a 
dense miu^ in the center of the cell and a movninfint similar to 
that of bees around their queen commences. One hy one the active 
zoospores detach themaelvcs from each other uind move rapidly 
about in the vacant space in the swarm cell. They continually push 
against iha cell wall until it 5 h broken, when their spontaneous move- 
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ments contuluc for somti ttme in the sarroonding fluid. Tlie zoo¬ 
spores beooine fixed to d sub&iargod objeiit "where they proceed to 
develop cells end grow into algae similar to the ones from wiiioh they 
originated. 

NATUBE'S UTILISATION OP 


Now when algae are used io myti&d ways in foodp agriculture^ in¬ 
dustry, tiK^icine, photography, and even in cosmetics, it aeenis strange 
that, considering the great quantity of them growing all over the 
world in the nceao as well as in fresh water and on land, their full 
usefulness has been so slowly realized by man. Wise old Ifother 
Kflture boK always allotted tJieni their role in her scheme of life 
although moti hoe bean tardy in recognizing it and in applying her 
methods of their utilization to his own needs. 

The great abundaucei of algae in the sea and on the land is not 
merely an indication of nature’s generosity. The micros^ipie and 
viaible algae that CM tlie ocean are Lhopa for a direct pur]jose whether 
man sees^ fit to utilize them or not. For the ousans are teeming with 
animal life varying in size from microscopic polyps to the mam¬ 
moth whales which couid not exist without the aid of the plant life, 
One of natures many laws is that animal life re^juirtts nutriment pre¬ 
pared by tile plant life, and plants are necessary to change the min¬ 
eral constituents of their surrounding environment into avallablB nu- 
ttimeuL for the snimols. In the sea, t he algae are ilia only plants Lliat 
wn grow and iherefore a large nimibor of species of sea animals arc 
directly dependent upon them for their food, while other stiecies 
depend upon tliHm indirectly. Tlie algae are indispensable to the 
continuity of animal life in the sea. The green fat of tiie turtle and 
tliH green material present in the lobster are indicotivc of their source 
cf nouritihment^the iilgae. 

There is ii Chini^c pruverb« 


ll^g Ball Mtm ftsti 
r.lTii(v eat nhrLiup 
SbriiDp cEt wad 

^e ^called tnud m full of tnicroaiuipic algae. The alinieiiturv can¬ 
als of ^lUl and Urge fiali have long been happy hunting gt^unds 
or biologjste The unicellular algae and diatoms arc the asled of 
tne water. They are so miimte os to be available for the consumn- 
the smaUest animal organisms, and yet, because of their 
abundance, they may represent the sole fcK>d supply of some of the 

thT^i nutritious, and not one among 

SLw ^ deleterious. The abundance of 

P“nt gfoirth in the water is responsible for the abumlance of the 

ach ^ r thenoteddlatomist,examined the Ktom- 

fteh Lontents of some yunng hake (fish about 9 inches in length). 
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TliH Ktain^clia were filler] with small liarring. Th^ herring in turn 
TJfcro gorged with t wn Hpecies of copepods: and thu c:oj>fipods were 
filled witli diatoms and algae. As Dr, l^tann pointed out: ‘'Very 
clearly this chain of four links ia equal to a ^nteiice of four words. 
Ko dintouia, no 

I'iffany was able to identify ISO species and TarietieH lyt algao 
in the digestive tract of ci^pedumtim (gizmrd shad) which 

he observed to be a highly vegetarian fish* In a similar study ruado 
by t^yle, 128 spceies of algae were delermined in another fish, 
Ptmephal^s (flm fathead minnow). Two other spedeH of 

luiunows^ Notr&pii procw and fnasdlUn^^^ are also 

known to consnme mui?h vegetable uLatter including filamentoUH algse 
and diatoms. These minnows arc food for the giune fish. 

The cultivation of Banf^os in the Philippmea has been described in 
detail by Adams, ilontalbin^ and ilartin. Liab-kh is the name 
given to the food of the fry of the milkfisb^ It is composed of 
iinlcellulflr^ colonial, and filamentous bbie-green algae, nnicoUular 
green algaCt diatoms, bacteria, protozoa, minute worms, and small 
crustaceans. The pond bottom is cleaned two or threa tiuies by flow* 
ing water freely into it and out of it. The pond is then exposed 
to siiiiHhiuH for 2 or 3 days* When the pond bottom ia dry, water 
is turned into it to a depth of 3 to fi centimeters. The lab-lab 
develops In 3 to G dayn, then the water is increased to a depth of 
12 centimoters. The fry feed on the lab-lab and, ivhen they are 
older, on the filamentoua grf^n algae that develop over a depth of 
12 centimeters. Tlie algae thrive especially where the water is brack¬ 
ish. Mullet also feed on the algae. 

VelaatiueK has studied the algae m tho digests tract of Dor&jeoma 
cep^dimum (the gizzard shad) in an efTori to ascertain the ecological 
balance of fi^ ponds in which vegetarian fish are an import4irit fiart 
of the fauna* He nbfserved that the overstockmg of fish ponds in the 
Philippines is often followed by a great predominance of blue-green 
algae ivliicb give iLe finli a bad taste. He found by culturing the 
Htomach contents of the fish that the digested algae which liad bean 
present in the water supply but were not viable and so did not appear 
in the cultures were Bacillariaceae (diatoms) j Volvrxiaceae, Diiio- 
bryon of the Heterokontae, and filamentous green algae. On the other 
hand, 30 siiecies and varieties of Chloropliycetia, 12 apecies and vorie- 
ti^ of Myiophyceae, 4 apetuea of BaciliariaccaCi 2 species of Hetero- 
koutaej and 1 epeeica of Euglenophyceao i>:fc^ssecl undigested through 
tho digestive tract* His inveiitlgation indicates that one of the 
sources of selective inetKasa of certam algae in natnnei, and con¬ 
versely, of thu dt^rease of others, is due to ilie vegetarian fishes* 
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It should bfi emphasized tlutt the preiteitce of a plentiful supply 
of plant life (algae) in watai-s where there is an abutnlanre of fiah 
is also of importance in regulating the balance of carbon dioxide and 
oxygen. Since the algae use in the production of their food a large 
amount of carbon dioxide which is given off by the fish, and Uu? 
fisli need a large amount of nxygm which is given off by the algae, 
the two forms of life derive mutual benefit from their association. 

Of gi-eat importance in nature is the effet:t of algal growth on 
air and water. But before dcveloptng this subject furllier, it seems 
necessary to describe briefly the food substutices and conditions 
neceicstTy for the gittwili of algae. We already know tliat algae, like 
other plants, need certain essential elements for their growtli. Ciil- 
emm 18 not i^ntial for many algae, hut certain of them are unoblo 
to develop without it. Calcium, potassium, and magnesium are im¬ 
portant because their bicarbonates furniBh a supplcmcnhil eupply of 
t^rbon dioxide for photosyntliesis, which is the production of sugar 
from Tvater and caihon dioxide taking pkeo by the action of 
chlorophyll in light. During this process, » part of tho oxygen is 
wt free, thus providing fisygen for the respiration uf animals wlijch 
m turn throw olf carbon dioxiile for the plants. It should also be 
mentioned here that algae also use nitrogen in the form of nitmtes 
nitiiU^ or aiminnium comimnnds. xV small quantity i»f iron is also 
essential to their gwiwth. tTinkr certain conditions, tile tmfnre and 
quality of the avmlable calcium, magnesium, potassium, nitrogen, 
and iron compounds have a direct influence upon the existing type 

^ vfti 3 'mg diets of the different races of people 
affect their diarncteristic appearance and habits. 

Light, owing to tlif. fact that it is essential for phntogntliesis. 
jvouhl seem to he an unporlant factor in the environment of algae: 
algae differ markedly in their tolerance of light iiit«i.8ity. os has 

^ the SmithsoniaD Insiitution. 

Provided their food ,s prepareil and in available form, some algae 
m a green condition in the depths of Ihe earth and tlw ocean 

r!-i W' intensity nf light that is 

available for plants growing under w.nter below a depth of 1 meter 

deerca^ more or less uniformly with the depth. The turbidity of 

ah- 

miirh ^ ^ infrarijii and red regions of the s|>ectruiu to a 

in rl^f”^*T As tt consequein* plants 

_ r receive a relatively large percentage of light within 
<0 ?•«» Angst™.,,. Most pl.n« cnnnn, 

■»» I*™! suBciMlUy r«>id 

P jntbcsil. to balance the caiboliydrates used up in respiration. 
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The depth nt which th& compensation point occurs iiepends on the 
species as well os on the cpaiinLiEy of light available. The point at 
which photosynthesis just balanc^ respiration for {^ertfiin algae was 
foTind to occur from 7 to 90 meters in turbid water and at ^0 meters 
in clearer water. The optimum location for pliotciayntlie±ds in the 
lakes of northern Wia'on.Hiri was found to bo at tlic surface on cloudy 
days ftnd ut n depth of about 5 meterB on fair^ bright days. The 
brown and green algne win ire idgber light intensities for a photo- 
synthptic balance than the red algae. The ability of the md algae 
to live at greater depths than tiie gteen Or brown algae may be due 
to the fact that the red algae absorb a greater ptirceiitaga of blue 
light. 

Temperature has an important effect on the aocelcration or retarda¬ 
tion of growth and reprodnetinn^ and under exceptional conditions 
the temperatuTe of the habitat restricts the algal population Uy certain 
species. 

The quantity of water or moisture necessary for algal grfjw th 
variesj as may be s^eerij fmm the large amount required by the plants 
that JivQ submerged in the ocean to the inhnitesimal quantity fit the 
dippowil of the aerial algae^ 

The essential part that algae play in the life cycle of snimalK^ 
which is their use of cailM>n ilio^cido and Lheir throwing off of oiygcn 
in the free statc^ keeps the water surrounding them pure. A large 
amount of oxygen is also yielded to the atmosphere during their 
processes of growth. It is a wclUknown fact that^ whenever land 
beirumes floEHled or wherever an extensive surface of either salt or 
fresh shaJlo’W water is exposed to the air, Confervacene and other 
alliotl fcirmsof algan quitJely multiply* Stagnafit [mills and ditdie^ja« 
well os water standing m urns or flowerpots in the open air quickly 
fill up with green sciitii and green Hilken Uireada- Thi^ ocum and 
these threads con not grow without emitting oxygen^ and on a sunny 
day, thfs bubbles of oxygen tmi be observed to collect where the scum 
or threads are maoeed together. The oxygen contmnaUy posses off 
into the air while the algao usually vegetate vigorously, one species 
succeeding another bh Inng m the water remains* Wlinn thB land or 
tho enntamer dries up, the algal bodios,, winch arc merely membra¬ 
nous skins fllled with fluid, shrivel OJid ari^ carried away by the wind 
or form a papery film over the surface of the soil or the container. 
The majority of species do not crause the uir abunt Unuii to l>P!come 
obnoxioiiH hy llieir decomposition. Each small individual ceU does 
not yield a great deal of oxyjpm, it is true, hut tlie aggregate yield 
fi-om the algal cells h vast when we take into consider at ion the 
estenEive surfaces of water spre.ad nvwr the carlli. Nature lioa plai^ii 
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her lowest form of plant life in them to help maintain a pur? and 
healthy atmospliere. 

Moreland (19S7) writes of the puzzlement of the inhabitants in 
oertain sections of Louialnna when they obserrcd tinuanal deposits 
of tliiclc, cobwebby, or paperlike material hanginf; from weeds and 
other TegetatiOD after the spring flood waters of the Atcliafaluya and 
OiicLita Rivers had receded (pi. 1), In one section, near Jonesville, 
La., the paperLke deposit not only clung to Tegetalion Imt covered 
the ground and fences which lixjked ns if they were coveted with 
snow. When an examination was made of the material which ap¬ 
peared microscopically to he composed of unbranched filamciiLS 
interwoven similarly to the fiber of lens paper, it was found that the 
substance was formed by the luxuriant growth of eertain spectiits of 
green algae inclnding filaments of I'rib&nemaf OedopoaftMTt, and 
Spirogyra. The overflow water nhich was almost free of sedi- 
tnentation had come early in tho season when the temperature was 
especially favorable for the growth of these algae. Undoubtedly, 
the air over these fioa<led lands was purified by their presence. 

It has also Ijsen shown by scientists that certain algae play a telo 
in the nitrogen cyeie In the soil. They do this directly by fixing 
guaeous compounds and indin<ctly hy supplying nitrogen-fixing bac¬ 
teria, especially Ae^iahacter, with aval I able carbon compounds, pro¬ 
duced by algal photosynthesis, and which am used by the bacteria 
as sources of energy necessary for the fixation proceac Both green 
al^e end blue-green algae can stimulate the activity of nitTogpn- 
fiiing bacieno, Very recently it has l>wn dcfinitelv established that 
teriain spcciea of blue-grccn algae can fix atmoapherio nitrogen in 
the light though not in darknesa. However, their practical unpor- 
tance m the ni^gen economy of the soil remains to bo determined 
^co tliem IS httio ^own concerning the distribution and abun- 
t Slice of these algae in the bqH and the conditions which determine 
nuturuJ fixation. 


Algae have for Bome time been recognized as catnre'a pioneers in 
plant succ^on, and for that reason are now assuming importance 
m man's enorla to control erosioa. 

Trcub di«3cribca Uw manner in which slimy layers of algae an- 

oTer tha surfaces of cinders and rtitfess on tha Lilar^d of Km- 
kfltau 3 jeara after a vokanio erupLjoa which had denuded the laland 
o a TOibJe plant life. By the growth, rteath, and decay of theae 
algae, tiie laland surfm e was rapidly prepared for the growth of 
mosa^ ferns, and higher plenta. FriLsch believes tliat an alj^ 
cx>vermg on the surfa^ of dry, sandy soil roguktas the moisture of 
the soil and thus provides a shelter for seed plants. 
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Graebner listed the species of soil algae found in a plant com* 
munity as a whole on the heaths of northern Germany and ascribes 
to them great importance since they are the first immigrants on new 
soil and cause the first formation of humus in poor soil. He enumer¬ 
ated 31 species of Cyanophyceae, three species of Diatomaceae, and 
18 species of Chlorophyceae found on these uncultivated heaths. 

Fritsch and Salisbury described the succession of cryptogams 
(plants that do not bear true seeds) on burnt heath in England, 
"nie first immigrants were the green algae Cystoooccus hwmAcolfi^ 
Oloeocystis vesiculosa, Troehisoia aspera, and Dactylocoecas infusi- 
omum. Various fung^ grow in their mucilaginous envelopes, and by 
degrees, lichens (a symbiosis of algae and fungi) appear. TFith 
the formation of lichen thalli, filamentous algae, Mesotaerdum vio- 
lascens, Hormidmm ilacoidwm, and Zygogonivm ericetonium appear. 

The investigation of a single locality in east Greenland has shown 
that subterranean algae are present in the absolutely virgin soil 
there. 

The soil in a rice field is inundated with water once or twice a 
year for a period of 8 to 12 weeks. Holsinger found a quantity of 
green and blue-green algae growing in this water, 

Harrison and Aiyer have shown, that a surface strattim composed 
of algae and other organisms in the irrigation ditches of rice fields 
plays an important part in the production of oxygen necessary for 
the growth of rice roota 

The cultivated paddy soils of the United Provinces (Benares, 
Mirzapur, Gorakhpur, and Basti) consisting of large tracts covering 
an area of at least 5,000 acres were investigated by Singh and found 
to contain 43 species of green and blue-green algae that were at 
a depth of 2 inches, 6 inches, and 12 inches. None were found in 
the wet fields. When the soils dried up, the blue-green algae were 
found to withstand desiccation longer than the green algae. 

Algae can withstand drought better than the higher plants. This 
is illustrated during very dry periods in the summer when the grass 
is killed by drought. Piercy has shown that the green alga 3or- 
mddium which lives through periods of dryness will then begin to 
grow where the grass has been killed in the next succeeding damp 
period, usually in the springtime, and will spread extensively. The 
algae evidently help prepare the soil for the grass as numerous grass 
seeds then germinate and form a dense carpet of grass which will 
choke the algae and force them to disappear until the next summer 
drought. 

Petersen and Puymaly have also described how the soil algae in 
a garden walk are constantly competing with the grass weeds that 
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crop up. Whenever the grass is weeded out^ the algae attain a 
vigorous growth which gradually ceases with the renewed appear¬ 
ance of the grass. 

Various scientists have described the presence of algal crust on 
large areas of soil during drought and how^ by the addition of 
organic matter to the soil due to their decay, the land is made ready 
for the growth of grasses. Very recently. Booth (1941) has written 
of a series of scientific experiments that attempted to discover the 
use of algae in the control of erosion. Several species of algae 
belonging to the Myxophyceae grow in algal crusts on the residual 
Bed Plains soils of central Oklahoma. This crust of algae forms 
during the wet seasons on sandy, wind-blown soil and is able to 
hold the soil in place during heavy winds. The crust is often 
broken by trampling and then is easily undermined which, together 
with covering by sand, leads to its final destruction. Hundreds of 
acres of badly eroded land in the south-central United States were 
chosen for study. The badly eroded land Tvas due to overgrazing, 
to cultivating the land for a brief period and then abandoning it, 
or to frequent burning. Excessive erosion on the cultivated fields 
had changed the top soil so that the native climax plants were un¬ 
able to become established until the slow process of plant succession 
and the building up of humus in the soil would recreate a suitable 
environment. In such places soil algae are of great importance as 
after a short time they are accompanied by mosses and annual seed 
plants. After study and experimentation on this area, Booth came 
to the conclusion that several species of soil algae constitute an 
initial stage in plant succession by the formation of a complete algal 
layer over these badly eroded acres. This plant cover may last for 
many years until higher perennial plants are able to form an abun¬ 
dant groimd cover. The algal stratum does not alow down the rate 
of infiltration of water into the soil except in one case studied where 
there is a slight retardation for about the first 7 mm. of water. The 
soil losses from plots protected by the algal stratum were greatly 
reduced as compared with the losses from bare areas. The resistance 
of the algal crust to erosion is evidently the result of the union of 
the surface particles of soil into a nonerosible layer which is found 
to be very effective in breaking the force of falling water. Experi¬ 
mental tests indicated a higher moisture content in the top inch of 
soil which has had the protection of an algal layer, than in bare 
soil. 

Fritsch sums up the chief benefits which the very important soil 
alpie contribute as follows: Their faculty of withstanding drought 
without appreciable change and without the assumption of special 
resting stages; their ability to absorb atmospheric vapor as well as 
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■water (liquid) thus enabling them to tide over periods of drought 
and to start growth as soon as wet weather begins; their successful 
competition with higher plants during drought; and the fact that 
after death they must form surface humus. The algae that grow 
in the soil to a depth of 6 inches surely must enrich it with the 
addition of organic material. 

Not all of the marine algae are small, ornamental, delicate sea 
mosses or coarse, succulent, unattractive kelps or rockweeds, which 
have in both coses little substance remaining after their decay. There 
are many different kinds of marine plants that secrete lime from 
the sea water and are more or less hard and stoneUke, although they 
form beautiful purple and lavender incrustations, so that their decay 
or continued upward growth is accompanied by a considerable in¬ 
crease in the height of the sea bottom where these plants are growing. 
The corals (animals) are, ^nerally speaking, confined to the tropi¬ 
cal seas, but the corallines (lime-secreting seaweeds which have a 
superficial resemblance to the corals) are more widely distributed. 
The fact has been known for years that the corals and other lime- 
secreting animals are active agents in building reefs and forming 
land, but only recently has it been noted that certain marine algae 
or seaweed, the corallines, have a function in the same great work. 
Kjellman has stated that off the shores of Spitzbergen and Nova 
2!embla Lithothamimm gladale, a coralline, forms thick layers on 
the ocean floor at a depth of 60 to 120 feet in the water and that in 
the future formation of the strata of the earth’s crust in these re¬ 
gions it will become of essential importance. Algae probably form 
the largest mass of the shell sands of Bermuda. Sir John Murray, 
in reporting the results of the famous Challenger expedition, has 
recorded that in three out of four samples of so-called coral sand 
or mud from Bermuda, over 50 percent of the mass has been com¬ 
posed of the calcareous seaweeds and their broken-doViTi parts. 
Materials brought up by borings that were made to a depth of 1,100 
feet in Funafiuti, a true coral island of the EUica group, indicate 
that the lime-secreting seaweeds have been of greater importance 
than the corals in the formation of this island. 

Nature’s provision of vast beds or groves of giant kelp of the genus 
SargaMmnh of the order Fucaceae has been appreciated by voyagers 
since the time of the Phoenicians. Aristotle speaks of the weedy 
sea which they found at the termination of their voyage, and un¬ 
doubtedly he was referring to the kelp. Columbus was the first 
voyager of modern times (September 16, 1492) to encounter it but it 
is possible that the same ba^ of seaweeds that he discovered was 
the one found by the Phoenicians, A great bank of Sarga^mm 
extends between the twentieth and forty-fifth parallels of north lati- 
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ludp and in 40® W. of Greenwich which appears to occupy the 
poddon today that it did in the time of ColumbuH. I^tween this 
bunk utid the American shores, there are various smallor areas ami 
detached imssca of this seaweed vvhich arc thrown into the ocean by 
the eddicB Lauaed by tlie subcircular motion die great ocean curreuta. 
Humboldt computed that the ivliola of this area of seaweed iq the ocean 
corered about 2BO,OQOsquare miles, but not ail this ai>acc is completely 
occupied with the floating seaweed, in many places there are apacw 
of clear water between dialant and narrow ridgea of the seaweed. 

The geographical range of the Fucaceae ia very e^tenaiTe. It Li 
found on tiiu taatem shores of Europe ajid on the ■western phoiva of the 
.^Vniericiin continent and in great ubimdance also oil tlie shores of Japan 
and Chinfi. Liiter, wb sliall study more fully the economic impor¬ 
tance wliich it baa in industrial life. It is thought that it probably 
originated in rocks oft the southern reefs and keya, where it was torn 
by the storms fiom the rocks and as it floafcetl about in the ocean con¬ 
tinued growth from its brohen parte. 

Thu giant kelp, as it is calh^l on the Pacific const, grows in such 
great abundance that it sometimes forms natural breakwaters for 
harbors, as at Santa Earbnra, f'alif. It also was greatly appieciatod 
by till! early navigators aince, when it grow^ dose to the shore, it is 
Hsnally attached by holdfasts to large rocks so that maxhiers were 
many timea .«ved from shipwreck by the danger siguula formed bv 
thiiiie large ouve-btown floating seaweed's. 


^LGAE AS FOOD 
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grouuds wens in Tolijo Baj'. Ouo or two centuries ago, accord iog 
to Smith (l£K)4±tJ, Forfihym grew in naLumJ quantitifs at the mouth 
of the Sumidflgawa, near Aiakusa, in Tokyo, As the river ciirricd 
down large amounta of gravel, itij mouth adviuioed farther and far¬ 
ther into the sea, tlius making the waters near AsoLkuHu loo fitssh for 
ita growth. To the diHinny of the inhabitants Forphyra ceased to 
grow there. Then the cultivation of Parphyra was begun. The 
quality of the cultivated /“or/fAym is dependent largely on the 
weather. It is best after frequent rains and snowfalls have made 
the shallow water brackisli. 

Harvey tells ns varieties of P&fphyra ore gathered in winter oil 
the rocky shores of Europe. The British and French boil it for 
many hours until it fonns fl dark brown semifluid musa which is 
called marine Baoca, shike, alouk, or sloucawn. Lemon juice or vine¬ 
gar is served with it and its davur is mure delectable than its appear¬ 
ance, At some of the British establishniRnla for prsHerving fresh 
vcgctoblcs, it was in the post century put up in hermetically sealed 
cases fur eipoilation and use at isea, ur for us« at seasous when it 
did not grow on tlie rocks, in winter, the Pt^rphym fronds grow 
abundantly on the rocky cuasts of Europe and North America, 
Porphyra is not only regarded as antiscorbutic but is said to be useful 
in glandular swellings, possibly because of the minute quantity of 
iodine which it contains, 

HarriiigLon states that the Indians have used Porphyra for thou¬ 
sands of years, ever sinca they came from Siberia. It ginwa on 
tlie Gulf of Alaska and along the whole archipelago of Alaska oa 
well as on the ehores of WashingloD, Oregon, and California. Wher¬ 
ever it grows, the Indians would hunt for it. 

The Indian dues tint believe in using salt on his food. The Iro¬ 
quois referred to a white man os aaliy one” because they ate |)euple 
and they knew that the white man had a saltier taste than the rad 
man. Tlio Iiidiajis vviiuld not Salt their mush, or their eggs, os 
they behoved that salt would make Ibelr hair turn gray anil their 
toes turn up before tiicir time. Salt was white man’s style so it 
should be avuideti, but sea lettuce, as they called lavcr, was native 
stylo, and therefore they gathered the sea lettuce with which they 
supplied the salt need of their budiea. The ludlaiiH collected lh« sea 
lettuce in the spring because their grand fathers were accustomed to 
gather it at that time. 

The various kinds of kelp, coarse, broad-fronded members of the 
Laminariaceao family (pi. B, lig. 1) form an important food product 
of Japan, and large amounts of the kelp or kouiLu, I he naiim of the 
foods made from kelp, are eiported from Japan to China. Eombu 
products have been saut to the East Indies and San Francisco but 
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there is very little sale for kelp as a food here where the dietary 
standards differ so radically from those of the Occident, It is valu¬ 
able to Japan because of its cheapness and the niunber of ways in 
which it can be prepared as food* Most of the kelp is obtained from 
Hokkaido, the most northern of the main islands of the Japanese 
Archipelago. The kelps grow on all parts of the coast, but those 
of highest quality are found on the northeastern coast which is 
washed by the Arctic current. 

Undoubtedly the most important seaweeds used as food and in 
industry are those with jelly-making properties that belong to the 
family Gelidtace/ie^ Agar is made chiefly from the algae GtucHwf^iu 
lic/iefioides^ GclidiuTTh coTTieuTih (pi* 2, fig* 2) and other closely re¬ 
lated species of Gelidiwm. The Chinese introduced it to Japan in 
A. D. 1662* It was used principally as a substitute for bird’s-nest 
soup stock and as a summer jelly. It is used in Japan, China, and 
India as an ingredient of soups and sauces, and is also used as a 
sort of dessert and as a candy* In Japan it is caUed Kan-Ten 
which means ^^cold weather’^ as the substance made from the algae can 
only be manufactured during the winter months. The manufactured 
product is called agar. 

In the early years of its use, or rather before the large agar indus¬ 
try was developed, the seaweed was merely boiled to form a mass of 
jelly, but at the present time the agar of commerce is in the form 
of sheets, sticks, bars, and flakes. 

Kan-Ten is pearly white, shiny, transparent, tasteless, and odor¬ 
less. It swells in cold water but does not dissolve, and is soluble in 
boiling water and easily forms a jelly. In foreign countries it is 
used chiefly where a gelatin is required such as in making jellies, 
^ups, sauces, candies, pastries, and many desserts, in all of which 
animal isinglass or gelatin. It is also used for 
the clarifying of wines, beers, coffee, and other diinks. 

Agar is used to a great extent in the United States, It is very 
d^uable m food manufacture as it jeUs rapidly and at relatively 
high temperatures without the assistance of intermediary substances, 
it has proved very economical because of its high gel strength. Ex- 
I^rments have shown tnat agar in bread and pastries, on account 
of Its high moisture-retaining quality, keeps them fresh longer. The 
confecboner can use it to make a healthful jelly candy with less 
sugar by using agar in % to 1 percent solutions. For that reason 
It IS veiy economical* It provides a good body to drinks, and acts 
as a ^abilizer m chocolate drinks and syrups, in which it prevents the 
ormmg of sediment. A manufacturer of ginger ale and fruit syxnps 
believes that it sharpens the flavor. Agar has proved to be of great 
value commerciaUy in the manufacture of sherbets, ice creams, and 
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cheeses. It imparts a smoother texture to the product and also acts 
as a stabilizer. It has been highly recommended by the manufac¬ 
turers of mayonnaisej and Tressler (1923) states that it is superior 
to gelatin in preventing the disintegration of fish and meat products 
in cans, as the agar retains its gelling power to a greater extent tlian 
gelatin after subjection, to the higher temperatures neoessary m 
processing fish and meat foods. Many breakfast and health food 
manufacturers are incorporating agar in their products since 
although it has no food value in itself, it helps to modify Hghly con¬ 
centrated diets and acts mechanically in a manner similar to the 
cellulose of vegetable foods, and consequently can be considered 
excellent roughage. 

Japan has long been the world’s greatest exporter of agar. But 
considering the large supply of the agar-forming seaweeds that grow 
on our own Pacific coast and the modern equipment in the factories 
hei'e, which is far superior to that m Japan, where most of the 
preparation of the product is done by hand, there is no reason to 
fear that American manufacturers will be unable to supply all of our 
needs for this indispensable product. 

Another seaweed that forms a nearly colorless, insipid jelly, and 
can be cooked with milk, seasoned with vanilla or fruit and thus 
rendered highly palatable, is Chmidrm the carrageen or 

Irish moss of the markets. It is a nourishing form of diet for 
invalids and has been recommended in medical cases as will be seen 
later. It grows abundantly on the rocky coasts of Europe and on 
the shores of the northern States of America, 

Chondrus cri^jms is a red seaweed of the family Gigartinaceae. 
(See pi, 3, fig, 2,) It is a perennial plant that reaches its full develop¬ 
ment in the spring and summer. The tufted plants vary from 
dark green to red in color and after drying are almost gray or white. 
The center of the industry in the United States is at Scituate, 
Mass. In 1939, 200,000 pounds of moss was ‘^pulled” bringing in a 
total of about $20,000. Two and a half hours before low tide, the 
mosser puts on oilskin overalls and rubber boots and sets out in his 
dory, equipped with pulling rake and a bottle of cod-liver oil to 
smooth the water. The moss is bleached on the beach (ph 4) where 
the successive stages in the process, deep purple, dark red, pink, 
light brown, and finally yellowish white, turn the shore into a 
gigantic patchwork quilt. The moss is washed in salt water, dried, 
packed in barrels, and shipped to the market, 

Irish moss is best known as a preparation for delectable blanc 
manges. It is also used in confections as a filler, and to give body 
to candy. In ice cream it serves as a stabilizer and prevents melting, 
since by its use the consistency of the ice cream is only partially 
dependent on low temperatures. 

4305TT—42-^28 
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OuH of tbfl must iroportant useu of Irish mo^ befope prohibit iun 
wae in the “fining’* of lieera an«3 aJea. The cloudy solution of malt 
extract iu tho early stages of butsr iirewing contains insoluble enil 
undesirable proteins which can be removed by s tedious process of 
settling or a swift process of "JininE.” The Irish mosB is added to 
ihe brew while it is being ijoiled. The gelatin freed from the sco^ 
weed by boiling unites with tbo timin of the hops to form a floocu- 
lent mass which enclta^ the suspended parlides, the Impurities, 
which are then removed os a scum. With the repeal of prohibition 
and tlie reopening of tlm beer industries, many monufaclurera began 
In use chcmi^l finings to fine llieir beers. The use of Irish moss is 
very economical &s half a crateful of it is more tlmn enough lo 
cbiri^ COO barrels of beer, Iriab moss may also be used in tlie 
fining of tioffec, for which purpose it is more economical than eggs, 
Algin. a miiciloBinous product obtained from the kelps of the brown 
seaweed family, as described in mote detail in the section on algae as 
coamedcs. is also extensively used in the food indiisiry, Algin is non- 
toxie, p4^88eB nutritive value, and is not an nliergcn. It is used pri^ 
marily in foods sjj a stablllEcr, chiefly in ice cream, where it proventa 
the formation of large ica crystals without masking the flavor and 
produces an ice ct«am that has a amootli, velvety texture of creamy 
con^tcncy. It faciUtntes ice creara manufacture «ince ice creams 
made with al^ whip fast and do not require any “aging” before 
freezing. I(. is of similar use in water ices and sherbets. It is used 
as a sus^nding agent for the coiioa fibcre in chocolate milk, and in 
miUc pud^nga it acts os a jellying agent It is used as on emuLsifyino 
and «tnliii, 2 mgagentin placcofatoreh and various gums hi sn I ad drJ^ 
yi& It is also found to be a valuable addition to doughnuts, cakes 
cream, and confectionerirei, especially marsh' 

Ihe yepit^Ic stabilisers, agar, algin, and Irish moss, irntwidutand- 
ing tbetr bigber price, bare been increasuigly used in the manufacture 
of ice cream instead of animal gelatin. Their use has been stimuktud 
bv the objection of the ortb^idox Jews hi the use of animal gelatin m 
the manufacture of ice cream as it is contrary t« the ritual of orthQdo,v 
.Jewry to Cat an ttuimal product combimal with a dairy product To 
meet this Objection, some manufacturers have cianpletely abandoned 
of tumiml gelatin m & wtAbOizor in their prtHlnct^ 

The dulao (Scotch) or dillak (Irkh),if^odjrm«nw pahnato, k one of 
the red seawre^ with which Americans oi-e familiar uh i t is often found 

water-front markets of Boston, New 
York, and other seaiwrts of die United States. (Sw pL 5 L s \ 
in some plac^ n„ the wet. of Ireland, tliis thS 

relish to die IrishtmudB potatoes. Its use b not confined to the poor 
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{tluiiH cliildrea an: portk-uJarly fond of it. In the ModUer- 
raneon, it forms a common ingivdient in soopa> It is usuiiUy 
r&w or dried as a sort of salad or rcli^. In the olden days, it is said 
that some of the Scotch or Irish were nddicted to chewing it before 
tobacco and cliowing gum become popular. 

It is natural that the peasants and tlm iLiliemicn should nse mure 
varieties of seaweed as their food than do the better classes in Japan 
and China. 

MecCnughey (1916) has written an interesting account of tUe im- 
tiorLHtieu of seaweed in the dietary of the Hnwuiians. The oncieTit 
Ilawaiinne considered seaweeds a necessniy staple of their daily 
food, and many present-day Haws liana still conaume it. The vil¬ 
lages of Hawaii, like those of other parts of Polynesia, were usually 
situated near the seashore. The Hawaii ana were u mariiittie jieuple 
and very familiar with all the sen products, since the gmatcr part 
of the population was habitually eogugod in hshing. Tlte pro(mcte<l 
labor and hazard involved in the deep-sea riEldng made it tho work 
of tho men, but the women and the ebildren os well aa the men en¬ 
joyed reef (iahirig, A wide variety of marine edibles including crabs, 
cruyBsh, shrimps, moliusks, holothurians, sca-uichinK, octopi, and 
tish of ntimy kltiiis were obtained frorri the lagoons and shallower 
waters. The native limu, die Hawaiian naoio for seaweed, formed 
an important element in tlinee wntere also. About 7S species of Hoa- 
weed. were used os food in this island world, and for each species the 
Httwaiiana liud u sijocifie nujoe. In fact, Hawaii is noted fur liaviog 
the largest variety of cdiblo seaweeds in tlie world, although they 
are jXKjr in quantity as comixired with those of Japan ami other 
ports of the world. 

The aeaweed was ccdicctwl in various ways according to the nature 
of the habitat. Some species, sucb as Sartfa^nim, and O’Ftxoiltiyia, 
drift ashore in ubundantoi and were easily gathered. Other kinds, 
growing in the quiet waters near the sLoi-a, such as Uha, £Vifcn)- 
rmyrpha and Chondtia were readily collected by the older women 
and the children. Tliose seaweeds with stout at runs and holdfasts, 
occupying the black lava rocka in rough waters whero they were 
continually pounded by the surf, could only be rollectad by the ex¬ 
perienced swinimera, the men and tlje younger women. They used 
» sharp stone or chisel to separate tltcm from the rocks. 
and PorpAym are of this type. Still Hnothsr typo including Gym^ 
ftoyonyrui and Dkrtyota, grew on the outer edges of the reef wboio 
the heavy rollers break, 'i'liese werw usually gathered by the men 
ill outrigger canoes. A few species, such os Forphyra laucotticst 
occur only in restricted local!tiwc or during brief seasons, thereby 
tiioking tliem choice delicacies to be served only to tlie nobility, or 
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they 'n’ei‘6 consumed only loeully and tiut gctnerally used by the entire 
p«>p Illation. 

The Ilairaiians anticipated by iiiiitiy caniiiriea the more rccendj 
advfflfnteil plans of limnologists for euldvnting econonuL'ally aipmUc 
vegetation. In the oJden time, the Hawntinn nobility had the rare 
and choic-o varieties of limu transplanted to the vicinity fif the chiefs 
beach home where they were protertiKl imd easily available. The 
fish pniids were used frequently os algal gardcnH. The less desirable 
algae were weeded out and the sejnicultivated forms developed miiidi 
more liixiirTHnlly than they otherwise would have done. One of the 
ancient royal limu gatdens is near the beach residence of ex^queeii 
Liliuokaliini at Honolulu. 

With tho advent of tlte white man on the island, the collecting of 
seaweeik was gi'i'ally facilitated by tile glass-bottomed ‘^■ator-bodes” 
and sbaTX>cnc(l iron rods. The nativtia r[uickly observed thidr useful* 
ness and adopted lJuiin. In ancient times, the limu gatherer had been 
compelled to rely on his vision alone and a simple stone chisel. 

Tlic women tofik charge of the seaweeds when they were bnmght 
asliore. The various kinds were fiorted and then washed in salt 
water and Iresli water. Certain species decayed rapidiv when 
Washed in fresh water, so they were rinsed in salt water and eaten 
immediately after prepnnition. After the other limu had been 
cleaned, it was salted, chop^ or broken uito smnU fragmenm, and 
eaten raw like a salad or relish. It was tho univcrsiil accompaniment 
of tho fish that formed the c&scntinl port of the native diet. At times 
of war or ftiminc when the usual supply of vegetables, such as taro, 
street potatoes, f>r yams fell sliort, the limu watt cooked in an under- 
groiinfl oven with the meats. 

Certain typre of filamcntouj, nlg«e that grew in the mountain 
streams as well ^ some murine fomiit were subjectfid to a “ripening" 
process. This Unm was soaked in fresh water for 21 hours or more 
thus causing the partial ih-composition of the seaweed and the de- 
FBlopmont of A Hlron^ odor. 

Finely chopped limu was eaten with raw fish, squid, shrlrnns, 
liinpets, crabs, sea-urchins, liolothurians, hiikui nuts, and chili pep- 
jxrs. One of the favorite relishes was made by roasting kernels of 
Lie kukm nuts (A/Kvnfiv miffnrivrm) or timdlenut, chopping them 
fine, and then mixmg tlieui with liiuii and salt. This was kept for 
months m glass jars and was esceUent witli bread and butter aa weU 
na wi^ mid meats. It reaembled Russian caviar in flavor, and was 
served with poi. raw or cooked fish, or roast meats. 

In mode™ limes, in spite of the great shrinkage of the native pop¬ 
ulation, hmii forms a staple arliele of mcrdiandise at the ILsh mark^ 
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In Honoluln, ihn ducf market- in Huwaii, the fujnunl sales for 1 year 
iittioiuited to nhout 3,000 pcmntls, selling at oImhii i^.500> This limu 
ccaisisted of Kolm, Atp^ffopfh Hanfordktm, limu ele-ele, 
vMrpAa 9 pp., and limu-o-olu, Ckondrh tenui'i.'rima. Hawaii’s pre¬ 
ponderant oriental population usea large <)uantitie9 of tiie aeaweed. 

In the Philippinoif, especially in the nortbem provinces of Luzon, 
seaweeds are commonly boiled and mixed with Togetables. In the 
Biool rejErions the algaa t>e]onging to the Caxd^rpa group, ore useil 
chiefly. In llocos, Cagayan, and Im Union Provinces, the seaweeds 
arc eaten raw aa salads. The following are s^uiift of the edible vari¬ 
eties found in llocos and 0‘gajan Provinces: Afffinthop*;m oricn- 
to^C9y CiTuIirjMt Tficemom var. ut'i/^w, f-'. O, /’reyoisw-'' 

netti, probably C, hut. possibly a form of <7. o^emniisM, 

ChwiomiirphOf H^ntjerer/iUirphay t/rwciffdriff, ffydredothrw cipwJ- 
iafvg. Hypnca (near £?. T^fica), and SarffOAmnu 

Some of the eilible varieties found in T-ih Union Province are 
Aff/us^diclln sp., Fu^nify coDinioiily found in Manila Bay, CAiwto- 
morplui cTti-xna (Ag.) Kut£, Codmm tenwo Kutz, EtU^fOmfiy’phd ftv- 
t€9tkvil-6t, Ewhfwma spijwMtin (L.) J, Ag-, Cl-racdfina €on.fifr‘tMidii» 
L. Grev., ffraoiArrio ermsu Ilarv,, jjidmunia fortneta Harv„ Liif^orn 
chextneifMi Harr., and SaTpaasoim 

III Guam, the nativea use soma of the gelatinoua forms for making 
blanc mangle, acconling to Sufford. 

Some of the passerine birds us® their isalLva to glue together the 
feathers and twigs with iviiicU they build their nceta. This habit 
points to tlifl extraordinary ability of the stta swift Cidl^>ealia of the 
Fur Kast which is able during its mating season to secrete enough 
saliva to form a nest of consolidated salivary juiee. (See pi. a, 
figs. 1, 2.) If the nest is dcstn^yed in any way and has to be re- 
built by the sea swift, it usually weaves in bits of seaweed which 
led to the supposition by the early French scientists that the nests 
were made of jelly like seaweed. The nest is shapetl like a ahollow 
half of a smiiU cup and ia fixial against the walls of cliffs and caves 
by ibe seaborn on the islands of the Indian Archipelago, especially 
in caves on the diore of data. Some of them look like frosU-d sugar 
ami consist principally of niiicina. Over SVs uiillon of them used 
to be sent from Buenco to China in 1 year as thu Chine-sA muinoiB- 
Bcuia ill foods considered that they contained remarkable aphrodisiac 
qualities and would pay a king’s ransom for theiii. Thay formed 
the stock for the famous bird’s-nest soup of the Occident. When the 
nest is stolen or destroyed the swift makes a HUhstilule neat of in¬ 
ferior quality, of a yellow color which ia very obviously eked out 
with seaweed. The alga found most fnwpieiitly in these nests is 
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Gracdaria spinasa^ one of the jelly-forming algae. Occasionally, the 
layman confuses seaweed nests with the nests that are used for 
bird s-nest soups, but actually they are very different from each 
other. 

“Can-can” is the pwuliar dry and tangled egg mass of the volador 
or flying fish which is collected in season and dried so that it may 
be kept in the market throughout the year. This product has long 
been familiar to the natives of Peru. The egg mass is usually found 
entangled in the seaweed. 

During World War I, peoples in Durope found it neoessai^ to 
turn to seaweeds for a source of nourishment According to Alsberg, 
there is no proof that seaweeds have more than a moderate food 
value although their value as an antiscorbutic, similar to cabbage 
and lettuce, is appreciated. Very Uttle is known about the proteids 
of seaweeds, but according to Cameron, they do not begin to approach 
the food value found in cereals. The value of seaweeds as a food 
is to a large estent due to the mucilage produced by the membranes 
of the ceUular tissue which is rich in pectins and hemicelluloses; it 
dissolves readily in boiling water and forms a jelly when cold. 
Because of this property of jellification, the attention of experts has 
been directed to the utilization of seaweeds both in cookery and in 
various commercial preparations. 

Very little is known about the chemical composition of these mem- 
branes. Among the green seaweeds, the cellulose is associated with 
hemicellulose, a substance that is soluble in 3 percent sulfuric acid 
solution and contains a great abundance of xylane. There is also 
an msoluble portion rich in dextrane. Another hydrocarbon that 
has been dented m /fucus is caUed fucine. It is soluble in 1 percent 
^furic amd, turns blue with iodine, and is localized in the middle 
hmella. Dextrose and methylfurfiirol occur in the brown algae 
The red seaweeds, according to Perrot and Gatin, contain galactans' 
mannans, levulosans, dextrans, and sometimes methylpentosans. 
borne of these complex carbohydrates are a possible source of energy, 
but their extent is still unknown. Fat is a negligible quantity. Tie 
anal^es given below show what little justification there is in arguing 
for the food value of algae. ^ ^ 
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Of r>Oier subsl&Dceu found in seaweeds, bromicc occurs most abund- 
antlj in Fwntv t^rratua (pi. 0, Hg. 4). Laminaria dighata (pL 6, 
fig. 1), L. aoNharina (pL 3, fig. 1), and Fv/nta (pi. 6, 

fig. 2) are richest in iotliiie,^£uvAor£ea hvlbosa containing a little 
It is not yet known whether iodine is contained in the forni of alka* 
line (uUta or in organic cunibinatioiiS, 

The vitamin content of several algae used as food was tested recently 
by Norris, 3imetin, and WilliuniK. They fuiiud that Alaria. 
Laniina:ria ap., PoFphffra Porphyra perforait^t Bhcdy- 

visnia perfusn, and Ul«a Jacttiat were good sources of vitamin B, and 
compared favorably with mony fruits and vegetables. 

PoTphyrn was the richest siturce of hotli vitamin B and vitamin C 
among the algao tested. A number of algae from the different orders 
wetiH found to bo as ficli a soorca nf vitaiuin C as lanmns, Tlie algaa 
growing on the littoral zone or on the surface tend to be higher in 
vitaniin (J than aJgaa that are dredged from a depth of 5 to ID 
fathoms. 


The sugar, mannitje, has been prepared from certain apeciea of 
Lamfnarfo. Laminaria aacekartna (pL 3, fig. 1) contains 12 to 15 
percent of this sugar. In Kamcliatka the natives prepare an alco¬ 
holic drink from dulse or Ehadymmia paimata. 


ALOAE AS FOOD FOR DOMESTIC .\NtUAtS 


On the tioriJiem shores of Europe, oeaweeds have long furnished 
provender for cattle. So general was the use of seaweeds by the 
domi^tic animals that there was only one variety for W'hich tlie cattle 
had a great distaste and would not touch as food, a certain variety 
of ZomtTuimc which the Norwegians and Lapps colled Neptune’s 
belt because of its form similar to a long, broad ribbon, or the horse's 
kelp or sea devil. The ancient peoples in the Srandinavl&n countries 
thought that it must Im bewitched since the cowa would not touch 
it and they believed that it wos employed by the sorcerera to excite 
the sea horsca. .^Aodynrsnut palmata (pL 6, fig. S) constitutes a 
favorite food of the gcandbaviau goats, cows, and sheep. On certain 
small islands of Scotland, the cows and sheep go down to the shores 
at luw tide to hunt for tins alga, also for Alaria esetdenta (pi. 6, 
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fig. 3). When Rhodyirwtwt palinata grows attached to the stipes of 
Lanwnai'ia clovstonii, the sheep nibble at the RhodyTnenia without 
touching its support. Laminaria cloustotdi (pi. 8, fig. 2) sometimes 
grows in such abundance that it covers the other seaweeds. The 
cows raise it up on their muzzles and hunt below it for the seaweeds 
that they like. Only the fronds of Laminaria fiexicaidis are eaten. 
The peasants gather it from the shore in large quantities to give to 
the beasts in the stable, and as it is considered a very healthy food it is 
given to them fresh from the beach without being washed in water. 
On the whole coast of Iceland in the winter, and even in certain places 
in the summer, tliousands of sheep and other cattle wander freely and 
eat the seaweed even when there is grass available. In certain local¬ 
ities they are not given additional food, although in places some addi¬ 
tional grain is supplied to them. On the coasts, as a rule, the cows 
do not go to pasture, but are given Rhadymenia -pcdmata (pi. 5, fig. 3) 
and Alarm esculenta (pi. 6, fig. 3) in the stable since their milk does 
not absorb any taste from it. Their meat does not show any ill effects 
from the seaweed diet, although it is said that at Langames, where 
only seaweed is fed the animals, the lambs have weaker legs than those 
in the interior of the island. 

Sometimes the Icelanders gather seaweeds to prepare as supple¬ 
mental fodder. They wash it in water to remove the adhering sand, 
then bury it in deep ditches where it is pressed down under a layer of 
stones and thus compressed until it forms a firm mass which is cut 
into pieces with axes and fed to the animals in the winter. In cer¬ 
tain places Al-aria is gathered in the autumn, dried in the air after 
being washed with fresh water, and then packed in the barn alter¬ 
nately with layers of hay. The nutritive equivalent between the 
algae and the hay varies with the quality and digestive ability of 
the different species of plants and also with the animals. The sheep 
of the Iceland coast that have been nourished with seaweeds for 
several generations digest it more easily than the sheep of the interior 
which have been habituated to eating only hay and grain. The 
Norwegians often boil the seaweed with fresh water and then feed 
It to their ^asts. There are two factories in Norway where the 
algae are dried and then broken into pieces, but because of the salts 
and the iodine present in the seaweeds, it is thought best not to feed 
them to the cattle in large quantities. De la Pylaie, who lived in 
1824 on the Island of Sein, wrote that Laminaria leptopoda when it 
has been acted upon by the rain and the dew loses the olive-^reen 
^or of the frond and becomes white like a piece of parchment. 

cows would go to hunt for it at low tide on the coasts and would 
have nothing to do with it in its natural state but would eat it with 
great avidity when it had whitened 
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The provender value of seaweeds was almost completely neglected 
in France niitU World War I caused a shortage of grain. A num¬ 
ber of experiments were then carried on to determine the effect of 
seaweed as food for cows and horses. The experiments by Sauvageau 
(1920) show that Fmms Eermtus (pL 9^ fig. 4) and LamiTmria fiexi- 
cavlis even after a prolonged stay in their acidulated liquor form an 
excellent a lim ent for beasts. It was also found by Adrian that the 
seaweed food caused an augmentation of weight in the animals in 
proportion to the weight of algae consumed. The seaweeds seem 
to act as an accessory in the assimilation of the usual nutrients, an 
action that may be caused by the development of the digestive 
sugars, possibly by the multiplication of the hydrolizing bacteria, 
a study which Sauvageau (1920) believes should be made the subject 
of further search. 

Experiments at Skjom near Trondjhem, Norway, were begun in 
1917 to establish the manufacture of cattle feed from seaweed. Meal 
was made from the varec or wrack, as the kelp is called, which was 
dried and gi^onnd into a fine powder. An analysis of this meal is 
given below: 

Percent 


Water _________ __ 6.49 

Asb -- -10.07 

Fat__ _____ 2.77 

Protein _____ _ 7 ^ 04 

Wood fiber^ _____ _ ____ __ _ 6.16 

Carbohydrates _______5S, 47 


The protein was found to be digested in very small amounts, and 
the mineral content of the food was found to be too large. The sea¬ 
weed meal was a useful addition to the hay for cattle feeding and 
proved to be excellent feed for hens, 

A seaweed-meal factory was also started in Denmark where a 
process was used by which the seaweed is partially digested during 
manufacture. The washed plants are cooked with superheated steam, 
drained, and then pressed into cakes which are dried in a vacuum 
and groimd into a coarse powder. The juice formed during cooking 
is evaporated until a portion of the salts crystallize. They are sep¬ 
arated from the mother liquor in a centrifugal separator. The mother 
liquor is mixed with the powder and the mixture pressed into cakes. 
The analysis of this feed follows: 

Percent 

Water- -!---- - 5 ,00 

Protein (NX6.25) _——----- - 13.12 

Crude fiber __ _ _ _ 9.00 

Asb-- - 5 .03 

Albert and Krause investigated German seaweeds and stated that 
all kinds of German seaweeds were valuable for cattle feed. They 
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recommended that Lambv^iria sacehatina (pL 3, fig. 1), wluch they 
thought resembled Bpinach when cooked, should be used for cattle in 
times of scarcily of other foods. 

Beckman carried on feeding experimente with doga and hens giv- 
mg thesQ animals bread iiiuda from a mixture of finely gnmud sea- 
w«sed, lye and potato fioura. He said that during the LaJdng the 
chorac[eristic odor disapjxuircd and that the bread was found to 
pOHSess good properties, 

Glocss wKite tJiat algae from which the salts of potassium, bromine, 
and iodine bare been removed can be used to replace oats in the diet 
of horses, and serve as feed for swine and poultry when tniied with 
llielr rations. 

Intensive experimentation conducted by Bingen allows tliat the 
cum|>ogition of seaweed varies with tbe g«tson. The nutritive vnliie 
is highest in tha fall an that the seaweed intended for fodder rfionld 
be harvested late in the summer. Two kinds of aenweed were used 
in his experiments; F,amiTiaria^ which was used to provide a product 
called Algit, and Fwiftf which waa used to moke Neptun. iieawced 
meal b high in aah content and nitrogen-free extract. The calcium, 
magnesium, and iodine contents are especially high, but p 4 >ta!!!aium, 
copper, iron, and mangartose exist in (quantities too smalt to be of any 
8ignid^(«. The digestibility of seaweed meal b low, ospecjally 
when it b made from Fvmt. The digestibility is lower for pigs tlmo 
it b for sheep. When meal prepared from Fuctut ia fed to the stock, 
there is ft loss of 7 to 9 grama of digestible protein from tha rwrt of the 
fodilsr. 8beep are able to use the protein in seaward meal for mn ln- 
tenance and product ion of wool. Iodine in seaweed meal is easily ab¬ 
sorbed, 55 to percent of it being absorbed os compared with 35 to 40 
percent in liay. The seaweed meal was decided to be a suitable (uxlcium 
supqjl einent to the grsj n ration of piga. Tlie nntritive value o f sea weed 
meal b low, I’igs thrive better on Algin than they do on N'eptun. Tbe 
niral bus no effect on iiacon (quality. Seaweed-meal feeding increaseH 
the weight of the tliytoid and tlie iodine content rises both absolutelj' 
and relatively. Tha meal has no effect on the vitamin A content of 
pig liver. Seaweed meal baa a strong laxative effect. Two sows that 
were fed seaweed meal during the iieriml of gestation ahotved marked 
Signs of iodiam. 


Tuui typical nirtjl ^ 
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Th& mlii«inili htc |j]cladf4 in tbe Hlwre auoi^iia - 


^mrrrmi 

lodiEie ____ - -^— 0^ IS 

Iron .. --—^—-——————-^ _ . 33 

Clipper- -- ■ --- - *003 

KnogoDese. —--- .<fe 

PhDi3pb<prw- - - ^--— ——- -— 

0*i1C!UM ^--- --“_ n _ 1. 

StUfitr- - -----——- 

Sodinm ^--- - — -— 

- ^-- ——— 'Li 4£} 

Cblorliie- -- - __ _ 33,B7 

Magcfaliini ___._„ - -— - -Ti 

Thorc ure two comniRrcisil cotripaniBH oe the Pacifii^ ^oast which 


uLiliz* ih^ ireiiiendOEs gtoves of giant kdp that grow there to manu¬ 
facture seaweed products (ph '7)^ among which are acawced meals 
used for puullry and cattle rations. 

A meal manufactured by a firm in Los Angeles, Calif., is dried and 
ground kelp for line in animal feeds. 

This meal has been tested for vitamins as ahawn in table B. 

T.U 11 .E ^—HC4wU 4 of vitftmin MU OH KrAoo-Mf^fil 

VUarriln A--_„_ _ _-_ _ _ 8,000 latcriiatroiial unlfspcr poaiid. 

VUaaciln B {tblaxnln chiorlda)-^ . . 43 luteraatfoDal aalta per iKiuud. 

Vltamla .- None. 

Yltiuzila fi_ ____ Trace. 

Tltamlu G (nbollaTEal _ _ — 5.500 nLlctogrnmfl: per pcund. 

Vitamin F (flltrata fuccor tpauiyiUeuic 300 Unlvertky of Colifcriila uulte pee 

actdlb pouadL 

VltanUn K, ,. .—---FresenL 

Of the above vitaminsi vitamin G is present in sufficient quantity to 
be commercially important. 

Owing to the vitamin G and mineral content, this meal eon be used 
in combination with it pmtoin source such m meat acrap^ or fish 
meal to aiipplant dried milk in various poultry and onimal rations,, 
thus freeing dried milk for more essential uses. 

A conceni in Angelsfl, Cal i f., leases from the State Bureau 
of Fisheries local kelp beds;, which it harvests and clahydratas with 
a triple’drum air-drier originally derigned to handle dehydrated 
alfalfa. For several years, it has manufactured a poultry feedj 
but recently they have also prodiic«d a cattle feed and a hog feed. 
These ara all tliiiee supplementary feedSw In addition to machine- 
ileliydrated kelp, the cattle feed oontaina ground dried fish, molasses, 
fish liver meaJ| and irradiated yeost. The hog feed alsci rontaina) 
in addition to the above^ fish presswater concentrate^ vitamin A, fish 
liver oil, ground ojater aheU, Hodium bicarbonate, nut charcoal| and 
anhydrous manganese sulfate. The poultry feed consista of muchiiie 
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dtliydnttef] kelp (ground), ground dried Ush, HkIi liver, luid Hall 
presswater eoncentratc, fortified fish oils, ground oyster shell, sodium 
bicarbonate, and anhydrous inauganeKe aulfate. 

ALOAli; AS 31ED1GIXE 

.\jj ift aa relided in our introduction, one of the earliest uses of algae 
made by tba Cliineae and tiapanese was as tnedicirip. The monka usd 
it in the olden diiys in ens^ of fever caused by the atoiaacb. They 
would boil Getiditittt, probably into a jelly, and sprinkle a little ginger 
and sngjir over it. They would also make a milk pawte of it and eat 
it with sugar and vinegar to pmteot tliemselvoa from disorders caused 
by tliij HStnenje heat. 

Undoubtedly llm aJgal prodnoi most, used for medical purposes is 
agar wldcb is the commercial name for the dried, lileacheil, gelatinruiB 
extract of certain red ijcawewla Ijeltinging to the family Gelidinocac 
(pL 2, fig. 2). Tile name agar is an abniidiirion of the hfalay term 
ugiir-agar which simply uteuns jelly. In general, the jelly tlmt oomes 
frpm titese wiiweeds will absorb water and swell up but will only 
difisolve when heated to bulling. On cooling, the aoliitiftri wingnlatefi 
to form a mure or less colorless, traitHliirent. jelly. 

The eflcet of agar was rre-eiitly tested by Neciiales, Siiiwfmik, Arens, 
and iMeyer un the motility of the Htumach and the digestion of food 
in it. The oxperituetiLs were performed ufi six normal subject.*!, or 
six patients ofiheted with peptic ulcers, and on a dog carrying both 
gastric and ihiodenal cannulas. Agar decreased Ihu Bin[)t 3 'iiig time 
of the stcouach in eacii chsc. 

Agar lias also been successfully used when cooked with milk in 
thft Lmatraeiit of certain stomach disorders rtf young children. 

The colloidal property of agar of absorbing and holding water 
and the fact that it is not digested makes it of great value in medicine 
as n laxative. 

It*ts made by Canivaggi and ^lanfrefli have shown tlmt ngnr 
ctmteins principally laxative anti purgative principals to the ci- 
cluaon ftf deleterious secondary priucipicff. Tlicy found that it has 
a slight nutritive value and maintains the tone of the gastrointejilinfll 
tract. Tliey have rcporteil methods for tiie extraction of ihe active 
principals of tiie ilnig in the form of a dry powder which may be 
compKsaed into postillca with an inert filler. Tliey state that these 
pra^rations net uniquely on the intestine by exciting peristaJais 
without aJfccLing the functions of the rtomneh or the duodenum. 
They are painless in use and am not habit-formlng. 

As fl laxative, according to the United Hmtng Bispenaatoiy, agar 
may be administered cut up in smaLU pieces and aaten like a cureal 
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with tho adthtinii of cwara and sugar aa dcairod. TTipre is a chcj^^ 
Inte-ciwted form of ogHr for those who do not tare far it ploin. 
It is nl 'io Qomhitifid with mineral-oil enmlaions in a number of meilical 
preparations that are cm tLu market. The dose preatribed for the 
dry agar is from 2 to 4 drachms (8 to IG grams) administered cmca 
a dll j. 

Agar wiiH once used as a cure far tdicsity. 

Glyoerine supiKwltariea Lave been made ^lih iia n vehicle^ 

hilt they coutain oidj TG percent of glycerin compared with 00 
percent in those made wkh sodium iterate* 

A pi-eparation of agar is now iiseii beneath bandages for UenHng 
wounds, Thh nietluKt of healing wounds dates back to iha ancient 
PoJyiicsianE who used certain filarneriLOLis species of algae such as 
Spiroffyra to rnaki» ptiulLiccs for soto eyes. A number of kinds were 
also used by them as poultices for cuLh^ bruises, sores^ and boils. The 
native Hawaiians also ib^ed an infusion of Omtiracerm an a caLlntrtic, 
and H^pne^ (pi. S 1) was Ftuployed similarly for stomach 

troubles. 

The most important use nf agar in pathology and bacteriology is 
as a medium for the cultivation of pathogenic bnetrria. of fiingij 
and of 3'eost5. In 1881^ Koch developed the use of this modlujEi for 
the isolation and cultivation of baetcriuj and dnoe that time agur 
has become an essential in evpry bwintBl am] ref^arcli laboratory in 
the world* Many scientists have worked on methods of prepfinilionj 
fiUnition^ Atnriliscitidri^ adjuslment of reactions^ its purification^ and 
other details. Standardisation of methods for its use in bacteriology 
and hioing^^ luia lieeii nirecied. Agar used Ld standard mcttioda for 
analyses of water, milk, soil, and sewage. 

In bis intpiisiivp. rpi>ort on hypercoUoidal impre^on materisd^i used 
in dentistryt Paffenbarger (IWO) states that in the la^3t few years in 
the UtiJled States many materials containing agar have bceii devel¬ 
oped for dental n«e in making impreswoiif?. He stnlcs tlint probably 
the first seientist who used agar for taking impressions uf living 
tissues Hie Vieiiufv^ investigator^ Al[}hoi]H Pcjiler, who was 
granted a British patent on this material in and later mi 

American pat^‘nt. Dr. Poller called hJs compuiiud negcKTotl. He anld 
the patent rights for the dental use of this material to the De Trey 
Brothors of Zurich^ S^vitzerland^ who maniifactiired a mixlifiGiition 
of it which iliey called dontocoll. Many materials of a similar nature 
have been developed in tlie United States since then, and mritst of 
them (x>ntahi agar as the essential and important ingredient The 
value of agar in these maleriaL^ is that I he sol or liquid ^talt^ hr 
reached only wh^n the imprt^ion material i^ heat«l to practically 
the Iwiling point of water. Whyn tlie liquid is foiTtieih it dcw.^ not 
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harden to a gel until it is cooled to temperatures that approach the 
temperature of the mouth. This means that there is a lag of from 
60° to 70° C. (108°—126° F.) between the liquefying and hardening 
temperatures, which important in dental materials of this type. 
The agar constitutent is doubtless responsible also for the unusual 
elastic behavior of the materials. 

Irish moss, of which the scientihc name is Chondrua criapua (pi. 3, 
fiS- 2; pi. 4), also a member of the Florideae, the red seaweed family, 
forms a jelly very much like the agar-producing seaweeds. The com¬ 
mercial supplies of Ckondrus crispus are obtained principally from 
Scituate, Mass., Ximes, France, and Dublin, Ireland. Its Irish name 
carrageen comes from a place called Carragheen near Waterford, 
Ireland, where it abounds. 


Ohondrua criapua, or Irish moss, is nutritive, and being easily di¬ 
eted and not unpleasant to the taste, it forms a useful article of 
diet in cases in which the farinaceous preparations such as tapioca, 
sago, and barley are usually employed. It was formerly utilized as 
a demulcent in chronic pectoral affections, diarrhea, and irritations of 
^ unnary tract, but it is rarely employed for those purposes today. 
The Umted States Pharmacopaeia recommends that it be macerated 
or about 10 minutes in cold water before cooking, in order to re¬ 
move any unpleasant flavor it may have acquired from contact with 
foreign substances. The dose is 4 drachms (15.5 grams). 

1835 Irish moss was a fashionable remedy for consumption. 
A former mayor of Boston, Dr. J. V. C. Smith, helped to establish 
r® Scituate, for at that time one peraon was paying 

om $1 to ^ a pound for Irish moss or carrageen, as the Irish called 
It, from Ireland. Today one drug company alone uses 6,000 to 7,000 
poimds of Irish moss a year. This company sorts and cuts the moss 
mth revol^g Wes, then packs the cured moss and sells it princi¬ 
pal y for invalid food or the preparation of blanc manges. Repu- 

able physicians have recommended the jeUy extract in cases of 
Stomach ulcer* 

“^"^^“Cturing pharmacists puts on the 
market at least six distinct preparations of Irish moss. One is a 
axa ive an regulator made up of Irish moss and mineral oil The 

f emulsifying effect Another is a cough 
medicine. The usual cough medicine consists of a soothing or quiet- 

mixture agamst inflamed membranes. Since the 
inf« ° irntant, the cough medicine that uses Irish 

Zfd \ r f ^ The Irish moss ^es S 

The th ° ^ produces a slight soothing effect in itself. 

entitled ^ P^P®*" 
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is still u^l in lijoAlide^ of Ireland for the treatment of 
puljiioiiitry distress. Its jolly is also the actiBf^ principle in ji poultice 
which consi^ of a piece of cotton fllJcil witk Irish moss jolly and 
then dried. It enters into the composition of a number of Eiimpean 
pharmacentical emulaioni^ in piirticuLer^ the emulsion of cod-liver 
oil, which consists of 325 cc* of a 3-porcent decoction of Irish niossj 
500 ce% of oilj 500 of einip of lolu^ and water sufheient to complete 
the liter. 

Irish moss has also hecn iii^tl ea veterinary medicine for nourishing 
cows, and has been fooud useful m rearing pig? and calve?, 

Algin, a product of kelp which is described iu more detail in the 
i^^tion on algae as cosmetics^ is of great value in the pharmaceutical 
6eld where it* pronounced cnlloidai pmtiertlee render it lu^ful as. an 
emulsifying, bodying, and suspending agent Because of its superior 
qualities, it replaces tmgacjinth amJ cilhcr natural giiiiis in the munn- 
facture of grcoseless lubricating jellies. It is a component of sulf an- 
ilimide ointment and other siTiiilar ointments. Iron algiiiiiLe is ui^l 
as a hemutinlc. 

The United SUtea DiHpansatory IikU Giff&rtina niajuilli^m as having 
chemical and mcdicmfll propertios that are probably identical with 
Ch^rmdrus crispu^. 

Eokoinalt according to the The Onited States Dispensatory, Is an 
eatract said to be derived from HmpUs&^ a red alga that 

grows on tho eastern coasts of Asia. This plant Lq dried and ^ild by 
the Japanese and Chinese apothecaries. Its estract bos been gener¬ 
ally regarded oa u valuably lufontik rf'medy, but it is not ns popular 
ns formerly although it still is used in the provinces among the 
conntrj' people a ventiifuga. It is efficient in the treatment of 
Aacarw and £?a?ytfria. It is also nontojtic* It is sometimes soltl in 
the form of tablets. 

Until the end of the eighteenth century, two %"ennifuges of two 
calcareous algae, o^cinalisf Ij^ and Lu were 

popular as vennifugies. Their usage was discontinued when a Giv^k 
doctor named StcpUonopoli discovered a smidl alga on the island of 
CorBicn in 1775. He called this alga Corsican mo^ This alga grew 
in red tufts on the rocks of Corsica when tlie sea wae low and very 
calm* It was thought to be the same alga that was used as a vermi¬ 
fuge by thii imcient Greeks. Oorsicon mosa was in graat demand os 
it effected a very rapid cure. The military bcuspitals used it with 
great success and it waa long an article of commerce under the name 
of Corsican mosa. The scientists had a great deal of difficulty in 
naming tliia algn. Eutzing identified it as Ahitlium AelminthQcKorton. 

In Chma, a mixture of algae including 1 Enteri>m^rpAjtL, 1 €h&r- 
d^Of and 7 Fl^rid^ were umd m a vennifugjB so that it is not 
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HuipnsiDg that the CbiueKe attribute rctmifugnl jmtiwiiica to marine 
aJgfie iu gf^neml. 

At one time iocliius widely itsed in jneiJiciiio^ derived from the 
seaireedH. In 1801 a h rt^jieh e^iemist named ReniHnl Courtois began 
■work on nitriitR of sodium, tlie priK^iss ooiL^istbig of decomposing 
nitrate of calciiun liy dip mrbonnte of malium obtained, from the 
burnt osLok of tbo scuwectlsi oiillpd kolp. In the iTMiirue of his work, 
he olwnred thttt the tmn vessela wludi he was using bccimin corroded 
if the liquoo; from which tlie jvxliiiin s&lts liad twin oryetalliied were 
left in them for a long time, Ho found that these iiipiore when dis 
tilled with eulfiinc acid lilwmted a bo<]y with n beautifnJ blue vaimr. 
He examined tJiia vapor and discovered some of Us properties; for 
namplo. its formation cif h detonating compound with ammonia. 

n gave a specimen of it to Clement who read a paper on. it. but the 
rest of IJifl invcstifutioii concerning it wass carried on by Gay Lussae. 
Iodine was first employed os meilicine by Coimh^i, of Geneva. 

Icdine is a nonmetiillli! element which exists in certain marine algae 
particularly die kelps nrid riKikwecds. 'Hiwe seawml:- arp the largest 
of the Iilgae that lielong to the family Lftminariiireiie. The kt-lr, jii- 
dustn' for many years was an important one as well ns a lucrative 
one m r«irt8 of Enghimi, Ireland. Norlhem France, Xorwav, and Den^ 

frathercil the kelp hy hand or by boat and burned it in covcird 
trenches by the shore. After a time, the chemists found it cheaper to 
deriTO their lodme from the saltjieter beds of Chile and the great 
luilli industries of northern and western Euroim liepin to dpcline. 
Brown *aweeds are still gathered for their iodine on I he coasts of 
Tiap.in, IrolaiK], mu] Non^'ay, 

Ii^mo probably in scnwwds in the form of sodium ioilide. 

carbonate, sodium chloride, 
^ta^um chloride, snd.am sulfsie, and other salts in small amoimts. 
T^he deep contain the most iodine, and when these are burned 

at a low temperatu^ for fuel as on the irimjtl of Guernsey, their 
ashes fnnn mom iodine than does ortlinary kelp. In .h.nsn the sea- 

weejls mo^n^ .re (pi. j, 

are cmplt^jsd. The ash contains wmetimes about S pemmt of iodine, 

fil n .K of kelps, (pi, T, 

fig. 1 } and iVarcocj,,/,, (pi. f), 15^. 2)^ grew on tlie Pacific const 

«.h was burned to obtain potasdn^, iodinV bJit as 

kelps“w!d7o^""w\K" ^ “nd iodine frem 
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The JapoiieNA priHJuctlon of iodine and potassium iodide from kelp 
is still IsigOi Okudo and £to cnrfied on n number of iiivtuftigntion^ 
I ivgording the ioiUne content of certain Japanese kelps. They fouml 
that algae in on open sea contain more iodine than the same species 
in an inland seu, and tliat the iodine content of the algae is lo'west 
in the spring and highest in the fall. 

The fact that goiter iij unknourn among the people of Japan and 
China is an indication of tlie effect of the iodine in their seaweed diet, 
while this deficiency disease i» very prevalent among peoples of 
Switswrbind who have no contact with tlie marine aljgap- 

The charcoal derived from kelp was used at one time under the name 
of ActftiofM K€ffeUtbilU or vegetable ethiujis in the treatment of gi>ite>- 
and scrofulous swellings. Bladderwrack, the common iiEime fir 
I Fvcua veawalOKm (pi. fig. 2), b on ingredient of certain nostrums 
used in the treatment of obesity. One scientist affirms that Fucui 
vestaulotM^ b largely used in Iceland for fattening pigs so it seems 
doubtful that its prepaiattone are capable of reducing human obesity 
unlesi given in such doses os to interfere witii digestion and injure 
the health. The possible explanation for its reducing power is found 
in e.tperin]enls of Hunt and Seidell who prewnt evidence indicating 
that the extract of this plant is a ptiwerfnl stimulanL to the thyroid 
gland. 

The vegetarian food and diet shops have a number r>f commercial 
luX'paratbiiiM made from algae, whicJi (hey advprtbc for Use in deli- 
cisney disturbances due to improper balance of minerals and espe¬ 
cially the lack of iodine and calcium in the body. The majorily of 
ihesc products in powder and tablet foim are prepared from the giant 
kelp, MaaroctjfitU pijHfara (pi. 7, fig. X), 

ALGAH AS Fli:tlTIL12E;n3 

Seaw^ls have bceii used as fertilisers since tlm beginning of agri¬ 
culture in Japan and China, and on tlio inlands and coastal farms of 
northivestcm Europe. The driftw'eeds were usually guthered after 
storms and piled on the shore or near the bams to dry out in tinm for 
the fall, when they were placed around the fruit treea and on the 
ground pniparatory to planting the spring root crops. Even in the 
United States seaweeds, especially i hn kelps, wore employed as fertili¬ 
zers before the real reason for their action iiad iHen determined. Tlie 
Rhode Island Agricultural Ex{terinient Station issued a bulletin in 
IBBia stating that tho value of seaweed fertilkern Tifilized was $65,044 
MS compared with $164,133 paid for commerdol fertilizers. Since tho 
founding of the colony at Rye Bead), 2J. H., the farmers have con¬ 
sidered the success of their red clover growth duo to the fact that they 
cover their land with ^aweed and plow it under. On the island of 
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Nantucket off the coast of Massachusetts, the thnfty farmers atUl 
gather the driftweed and use it as fertilizer 

The fertUizing properties of the kelps are chieffy due to the potash 
or potBssium aal^ contained in these seaweeds* If plauta are to grow 
and thriee in the soil, the three ffi^eiitial elements necessary for their 
growth ate potassium, nitrogen, and phosphoroB. The i«awaedfl sup¬ 
ply potassium in especial abundance. The application of seaweeds in 
bulk also lias a desirabio physical effect upon the soil. The majority 
of algae when first dried and then soaked in fresh water tend to swell 
enotmou^y. When the dried seaweeds are plowed under into tiia 
light, dry soil, this spongeiike action of the seaweeds holds small res¬ 
ervoirs of water in close contact with the roots of the cultivated plants. 
There is also a large amount of organic luaterial in the kelp which 
decays slowly in the soil and forms humus. 

Tliere is a great deal of variation in the analyses made of kelp since 
the Stipes of Nereooyttii (pi. 0, fig. 2> and Jifaerptri/ttU (pi. 7, fig. X) 
contain miicJi more potash than t.lie leaves. TliS prO[)ortioti of stipes 
to leaves in the samples of kelp according to Merz has a direct effect 
upon the result obtained. 

Using figures obtained by Cameron, Frye and Bigg, Hon gland, and 
Turrentine, Bigg calculated the amotint of potassium chlorids, iodine, 
algin, and other contents in a ton of giant kelp. These figures given in 
table 4 indicate the large amount of kelp which must be handled in 
order to obtain a ton of potaseium chloride. 
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In 1012 Senate Document No, 190 appeared with a preface by the 
President of the United States and a letter of traosmit.tal from the 
Secretory of Agriculture. Tiiia monumental book of about 300 
pages contains a number of plates and mapa describing particularly 
the larger Pacific coast sea weeds and kelps and reiterates that the 
seaweeds of the United States which have lieen neglected for so long 
a period aliould be developed agricniturolly and economically. A 
second Cfovemmcnt document entitled “Potadi from Kelp,” issued 
by the United States and Alaska, reports further surveys of the kelp 
beds of the United States and Alaska and reports progress in the 
mechanical problems connected with harvCHting and drying kelp. 















'DSBFUL ALGAE—CHASE 


437 


The reawm for this increased in kelp wns that the potaih 

which the fArmers of the United States usetl for fertilizer on their 
came almost ezeltisirely from the mines m Hie Staaafurt region 
in ^nnany. This Staasfurt region was a former eea bottom wiiere 
r&rioua Kolnhle potnesium salts accntimlated in a solid form by the 
concentration and final drying-out of Che sea water. Up to the 
beginning of World War I, the StaAnfurt mines were die one im¬ 
portant Miirce of the potash supply of the world. The Gcrmoji 
conservation laws limited the amount of potash salts that were mined 
each year, also the amount of the annual product which was sold 
outside of Genuany, The farmers of the United States were prac¬ 
tically dependent upon flermany when they began to use artiticliil 
fertilizers. l:^rt]itoue to World War T, the United Status was im¬ 
porting from Germony potash valued at 12 iiiiilion doUars or mora 
annually. For 8 or 4 years before the war broke out, there w»s disa¬ 
greement between tho American importers and the German Kali 
Syndikat over the raising of tho price of potash and the threatened 
cumilment of the amount allowed to be shipped to llie United States. 
This incident, together with the fact tlmt the United States had 
undevelo^d supplies of potash of its own, led tho United States Con¬ 
gress to instruct tha Bureau of Soils of the Z>epartment of Agri¬ 
culture to make an inrestigatiou of the possibilities of developing 
within the boundaries of the United States a potash supplj that 
would meet the domestic requirements and mate the United Status 
independent of any roreign nation in this regard. 

The investigation included a search for potash in the alkaline 
basins of the arid West where the surface alkaH includes potash salts 
and also in the fddspar and granite rocks which contain potaegium iu 
imme^ quantities but in the form of insoluble compounds^ Tlio 
Washington scientists Rually took into consideration the long-estab- 
Jiahed use of seaweeds as fortilizag for tho soil and began a scientific 
mvestigation of the eziensivo groves of kelp on the PairiGc coast 
to determine the amount of potasainm solts contained in them. 

Enormous kelp beds oatend along most of the Pacific coast from 
Mezico to Alaska. The problem was to devise an economical nisane 
for harvesting the kelp and then converting it into fertilizer, po¬ 
tassium Hilts, and other valuable products. 

Atout half tlie area of the kelp beds Bumeyed are in the vicinih- 
of San Diego, Calif. Appmaimately two-thirds of the kelp that 
was cut grew near San Diego, and was used in iudiistrial plants near 
that city. The amount of potash obtained from the kelp during 
Wold War I wag slight as compared to the amount previously im¬ 
ported from Germany, but the kelp-potsalj industry wag aei:ond only 
to the induatTy obtaining potaah from natural mines. During 1£HT, 
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when there Wfls a great diortage of potassium salts in the United 
States, 3,572 taiia of potash (K,0) was produced from kelp which 
represented only a small proportion of the harveslabla help on the 
Pacific coast. 

The cost of hatTcstbg and drying kelp is high since kelp con¬ 
tains a large amount of water. The o|ieration of the kelp-potash 
plants during World War I indicated that it wae not poesible to 
produce potash alone from kelp in successful competition with furoign 
potash. Only one privately owned plant operated during the war 
was designed for byproducts and that plant producesl nmterinls 
chiefly of value in wartimes. All commercial plan is producing im>i- 
ash from kelp suspended operations iromediatcly upon cessation of 
hostilities. 

AliQAB AS COSUEX108 

As we have alreadr mentioned, the Roman ladies of ancient days 
lused rouge extracted from Fwus. The young Kamchatkales mix the 
Fiicu9 with fUdi oil to redden their faces. Tlie ladies of severj mari- 
itjiw regions in Europe need to macerate Fuctu (pi. 6, fig. 2) ui water 
and rub tbeir cheeks with thi^ mijcture. 

Techidcians of ct cert 4 iiii (inig couipeny noticed thefc the people 
who worked with Irish moss or €hm\dru4 (pi. 3, fig. 2; pi* i) 

preparidg its muciluge as an emulaifitjr^ never suflored frotn chupii^ii 
i^kin on their bandH even bk the coldest weather^ Tliey quickly took 
heI vantage of this principle in making thin seaweed the base of a 
popular prtiparation. Other ointments are also made from Irish 
mossL By using the gelatin of Irish mtm aa thdr bssCt a nongriHiftff 
ointment re»ult« which it is possible to apply without fear of soiling 
the clothing. 

Chilson (1&38) recommends a pineapple juice hand luiion since he 
HiVH that pineappk jmee is an escollent hand cleanser in which a 3 
percent muciiflge nf Irish moss forms 35 percent of the profliioL He 
also recommenda Irish moss curling fluid for the hair. Its mucilage 
is the base for other curling fluids aa for instance in ^olfouKt^iil 
oil curling jelly. Irish moss b tunong the in^dir.uie listed in the 
United States Government tooth'paat« specifications for use as h 
binEler. A thick mucfiage of Irish moss is also ne>Mi in deodorant 
pastes. Irish moss also ftinns an ingredient of compoets^ powders* 
and roiigiia. 

Agar, used as a binder in tooth pHstoB* may form 4 to S percent by 
weight of the tnnfJi-paate materials. 

The seaweed product which probably is m«d most in cosmetics 
is Hlgin or inodiiim alginate. Algin was discovered by Stanford in 
1&&4 although its manufacture in the United States did not begin 
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iiniLl World Wiir I. Stanford was engaged in the Scotch kelp in¬ 
dustry when he noticed that one of the brown kelps, LftmiTifirifi dif/i- 
tatu (pL 6| Jig. 1} after exposure in min asaUDicd a ttuidd appearance 
and that saes of fluid were formed from endofiinoHis of the water 
iJirnugh the membrane^ iTbwulving a peculiar giutinoiis principle^ 
When the sacs were cut^ fl neutral, glairTi colorless fluid escaped. It 
could often hn Keen partially evaporated on the from;! as a Colorless 
leHy, This substance, insoluble m water, was given by him the nanin 
of algio. He found tliat algin contained cjilciura. magnesium, and 
sodium in cumbinntxon with a new add called alginic acid. When 
this natural lifjuid in evaporated to dryness, it becomes insoluble in 
water hut very soluble in alkalies. This substance is so abundant In 
the seaweed that on mereratlon for S4 hourR In aodium carbonate in 
the cold the seaweed plant is completely disintegrated. He found 
that H had an rxtranrilinary gelling powder. It has 14 limes the vis¬ 
cosity of starch, and 3T times tliat of gum arabic. It does not co¬ 
agulate with heat. 

The commercial product is now in the form of a white powder pro¬ 
duced from kelp found in Ireland, Sootlimd, Norway, France, ami on 
the Pacific ooast of the United States* Zflfflififlrfa is used 

for the production of aJgin in Ireknd and Scotland, and 
f^fem (pL 7, fig, 1) is employed in the United States* Its Eng¬ 
lish trodo name is ManucoL Manucol solutions are r table in thr 
pH range C.5 to 8.5 and may be pasteurized at 50“ C. without affecting 
the grade* It is u^ful for eoametic preparallojiH having an aqiieoua 
or glycerine base such as glycerine hand jellies, transparent setting 
lotions, shaving creams, and beatiLy niilb^ It ia used in sunbuTn 
lotiona and in hair eveoms and fijcatives* 

Its value in die coameLic indtistry lies in the fact that sodium 
alglnalo iiroduces standard mucilagca that do not voiy much pro¬ 
viding the conditiona of thtJr prepamtiou are similar* Thesis mu- 
cilaguR ara Lmnsparent, water wliite, and almost odorless, thus over¬ 
coming the difficulty caused by the une of certaiu Karaya gums wliich 
liave M grayifth-bniwn color and also avoiding the question of opacity 
which arises with tho use of tragtLcantlu The viKcoRity of Manucol 
V solutions is raised enonnondy by the Introduction of colei tun ions 
and if sufficiently raked the Rolutlon gels. The ihlckoning effect of 
calcium ions increases os the pH of the solution is lowered due to the 
precipitation of ccilciuin Rlgiiiata sh a jelly from the soluble alginate^ 
All metallie ions other than those of the alkalies, magnesium, and 
zunmoniiim behave siinilarly. The interiwtiTig feature about alginates 
ie that it Is po^ble to vary the viscosity of tlie solutiou over an 
infinitely wide range merely by altering the proportion of the ealeimD 
or other ion* 


440 AJTNUAL RfilFOKT aMITHaONTA^^ INSTlTmON^ 1941 

The Algpa Pmdtikter^ a hidory At Clirin^tiansimd, Nor way | was ne^ 
ported in the fall of IfrlO to be cxpenmenting with nww us^b of 
kdpj in particular with the maniifacLttre of Aoap. 

One comiMiny of tba Pudflc coast has a line of soHpSj aiiainpoos, 
soap pasteSf and beauty lotions that it makes from kelp which they 
advertiBe m giving i^ults in cold, warm, soft, hardj and wait 

water.” 

AlCAE AND TEXTILES 

Since the earlicfft limes, certain of the most succulent algae which 
have glticlikc properties haTc been ased by tbo Chinese and tlie 
Japane^ for ataidimg their clothes. The principal alga of this 
typo is ccUforTTm^ although GlaiapeUis inlrica^a is proln 

ably jiist as satinfactorj. Various other algmo such as Ch^fidrus 
cri^pu^ (pi By figp 2), Chmidru^ elalm^ and Chondriis oc^Saiw (pi 
9, Jig. Z) are aJ^ employed for this purposCj although they do not 
moke as fine a productp The Japanese call these algae fiinori, ti word 
which means material for stifiening fabrics. The manufacture of 
lunori is an important industiy in Japon^ ahhough it does not rank 
with the agur and kelp industries. 

In lets and 1876 the Sod^td Industriella de Bouen instructed three 
of its members^ Clouet, Heilman^ ojicl Eeber to study ttis ptx^tble 
industrial applications of the substance citUcd hai-thao or thao, actually 
ugar, which was imported from China and Japan^ AtLempta niEide by 
ft silk manufacturer at Lyon to prepare silk tissues with Iho thoo had 
given good results, therefore tl^e Souun ciJEcisls desired information 
in regard to its use with cotton and linen goods. Heilman reeom’ 
mended ibat agar be used especially for Giih ti^uss w'hsre suppleness 
is more desired than weight and stiffness, Heilman tried the com¬ 
parative effects of Senegal gum^ tragaeaidh, criipu^ or 

Irish moss, and agan He found that the Senegal gum gave the cloth 
a rough, dry touch. Trogacanth made tim cloth a little more supple 
and almost as supple as the cloth siicd with agar. The chief ad¬ 
vantage of the agar was that it Btrongthened and oompre^ed the 
cloth while tragneanth left it ehollow and without any body. 
Ckojidt*us or Irish moss employed at a concentration of B 

iwrcent gave the doth a rich and ^unctuous” touch which had no 
analogy with the cloth sLzjed with ngwn He recommended it for use 
In ihe silk stuffs. Heilman thought that agar would have a great 
industrial future in the sizing of c^icoe when it had been sufficiently 
improved^ 

The seaweed products that am now used in the preparatiofi ot 
sizes are Irish mo«s, funori, agar, and alg^. Agar is tocj ei£iensive 
and too valuable a product elsewhere to be ueed in the sizing of any 
but the most ezpeiuEive fabrics such as silk. Tho amount of m\t la 
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Irish moss eometuncs a harsh fealiug to thread, providod all 
thd salt has not beui rsuiovad from tho moss by a piBlimiitaiy steep* 
ing in water. Irisli lOOSS is used to thicken ilya solutions for tiso Ui 
printing calico. A process of treating Irish moss extract with 
formaldeliyde in order to make tiie dried size insoluble has been, 
patented. Algin has been used for fixing mordants and is a sub- 
etituta for rarioufi salts formerly used iu fixing mordants pterious 
to the dyeing of cutltuiia and yarns. 

Algin or sodium alginate is n very useful idginate since it is 
easily soluble in water and can be readily changed into soluble sub* 
stances. For this reason it is yiduahle ns a sizing substance. It is 
superior to starch in tide use as it fills the cloth better, is tougher, 
more elastic and, dace its solutions are very viscous, it goes farther 
than starch or any guiiL As soon as the so^um alginate has impreg* 
nated the cloth it may easily be made insoluble by treatments with 
dilute acids, Hme water, salts of calcium, barium, and Tarious other 
metals. It con be used as a fixer for mordaiitM in fabrics and to some 
extent as a mordant. Ammoniated aluminium alginate can be used 
for the preparation of waterproof tabrjes slnc^ it becomes insoluble 
after drying. 

In November 1938 the Department of Commerce received the 
notice of a new mucilage pr^uct mode from €hondTU 9 crUpvt, 
Ch&ndraa 0 ^ 0 ^, Gigartin^ Gratid&upia Graietotipia 

fah^ata^ Hypnea Mtitivlasa, and other seaweeds. The mucilage 
from them is high in adhesive content and low in price. Tim 
mucilage is produced by washing the seaweed in fresh water, remov¬ 
ing the salt, adding a definite quantity of water, and the effecting 
of certain physical and cbeniical treatments, the details of which are 
not divulg^. The solution is made highly viscous and its soiidiiymg 
property is reduced. The [Ui^duct Is said to be high in solubility 
and a concentrated solution of more than SO percent can be produced. 
The invention ie significant in view of tlie appreciable imports of 
mucilage from abroad. Its use is very extensive in the special proc* 
essing of textiles, fur stickers In general, for the production of 
printing materials, and other uses. 

In ancient times the seaweedn were used in dyes. There were 
certain 0 )iea tlist had the reputation of clearing the colors and mak¬ 
ing them more brilliant and intense, especially those that were used 
as red dyes. The ancients used A«n» which they called “red fucus'* 
or *^yeris fucus'* to dyo thair draperies and other linen materials- 

% tilLnitirig alginb aidd. Nettlefold prepared a brown dye that 
is suitable for dyeing unmordanted cotton. Tide iiiimordanted cot* 
ton dyed a fine Bismarck brawn color which was more fast to soap 
than many alkaline colors, equaling chiysoidine, Tho depth of tbs 
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shade was considerable and could be worked to a great intensitj. In 
!in acid solution lhe^ dye ’would no't Iwcomo attached to the 0ber, 
Ammonia was the best alkali to use for tlus purpose. The brown 
dve hail Tittle power of ntlmction for ’wool. Mordanting did not 
increase the depth of the dye. 

Soma a|iecies of algae are used to moke string, Chorda iSum is 
Tciy abundant on the French coast where It is used for that purpose. 
Plants of Chorda flun^ are often 5 to 0 meters in length. A series 
of them are strung togetlier, two or Uirea at li tiiuo according t(» tlie 
usage for which they are to be employed. They must be dampened 
when used as then they are stronger and leax likely to break. 

For OHuturies, the fiahennen of Alaska hove used the stipe of 
!^ortoey»tk (pi. B, fig. 2) whtcli is long and flexible and the sise 
of an ordinaty window cord. They cut it below the pneumatocyst, 
soak it in a stream of running water until it is almost ’white, then 
Htreteh it, nib it to rwluce it to the size desired, and then dry it in 
the smoke of their dwellings. This ty|)o of cord is easily broken 
when dried but extremely roaistant when wet and much aironger tban 
hshlincs of linen or eotton. The pieoee of the stipe varying from 
10 to 15 bnuiijes in len^h are knotted together to form a line 80 
brasses in length, the siao requlml for fishing at the entrance to 
iho Strait of San Juan do Fuca, or of 200 brawsus in length for 
fiiihing the black cod off the lalaiul of Queen Charlotte in Bi itiHlj, 
Columbia. 

Wlien the kelp in long streoment, with its big floaters whicii ilie 
Alaskans call heads or bn!ha, washes ttsliorc on the lusich of Juneau, 
Ui« children cut the ropelike thalluK and use it to make swiiigH and 
jiroping ropes as lung as it is wet and humid. When it dries it 
stiffenH iind would be of no further uw to them unless they greased 
it ’with some of Uie greage which is always prawnt in the Indian 
dwelling, in order to make it pliable. 

AI/1A£ AND CEItAMICa 

The first commercial use that the Chinese ever made of agar was 
for wrapping porcelains and broiiaes which they sent to Europe, 

The ancients have always searched for alkaltm to employ in the 
manufacture of glass and pottery. It was not, however, until th** 
seventeenth century tliat we find mentlQiied the use of seaweeds or 
the kelps in the manufacture of snda for tijc glazier's trade in Europe. 
Carinate of soda does not exist completely formed in the seaweeds 
but is combined with fixed acid minerals and with organic acids that 
by inmneration give carbonate of soda. Tlie aatiee of the sea kelps 
contain pot^imn ealta mixed with sodium salts in relative propor¬ 
tions tliat differ ’with the various species. The term “soude’* or soda 
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WHS givea to the imliee of the biifiit kelp in Fmnoe beceiifis 
of its resembknce to tbo commercial product and its method of 
manufacture. 

la ISQQ Louis XIV gavo to the B^ol Company of Glass Manu* 
facturers at Paria the sole privilege nf cutting from March 15 to 
September 15 of each year for 2U years aU the kelp along the coast 
of La Hogue for the production of kelp aahee, and allowed tJiem to 
transport these kelp ashes to Paris, kw wib roTohed in ITIB 
by demaml of tlie Nonmana who wiahed the kelp for fertilieeTa and to 
bum for iodine. In the glassworks all the osh^ were used^ since the 
portion of 6xed alkali wiiich was already in comhinatinn with the 
organic matter was in a state that acted as a mclter for the other 
clays and aanda which entered into the composition of glassware. 
For this reason kelp ashes were used with great success and to great 
adeautage in the glass and jiorcelain works where comiaori gla^ware 
was manufactured, especially in NocmftTidy. 

Funorl or seaweed glue is used in the decoraLing of poroslaine in 
Japan. 

Algin is used as a binder and plasticizer in ceramics. 

Mertia writes tliat Irish moss has been suggested as a substitute 
for fish glue in the preparation of bichromated atiamel, but it has 
nerer been popular owing to the greater uniformity of results 
obtained with glue mixtures. 

About 05,000 ptiimds of Irish moss ia used each year by the paint 
industry in the making of cold-water or casein paints. Trigh moss 
is used aa a stabiliser to give the casein coloring matter ami water 
consistency, and to hold the film in place while the casein hardens. 
Casein painis treated with Irish moss brush well and hold to the 
surface while they dry. CAondruj crispujt is used in preference to 
other gums because of its cheapness, its thick conaisteiiLy in extremely 
low concentrations, and its transparency, which keeps it from inter¬ 
fering with the color of the point. Agar baa been subaLituted for 
fish glue in procesa cnameb to a elight extent. 

Algin iH used as a snspeuding, emulsifying, and bodying agvnt in 
water paints, resin emulsion paints, and other special types of paints. 

ALGikfi AND TANNING 

In tlie early part of the nineteenth century the French gold beaters 
uaed supple gold-beater’s skins to reduce tbe gold into thin leaves. 
Tsinglasa or fish glue was used to give the luster which the tanuitig 
removed. The anirnal substances cracked under the repeated blows 
of the wooden hammers. A Parisian manufacturer replaced the 
isinglass by agar and found he acideved better results. Irish moss or 
Chondnut critput is used in the tanning industry, as it imparts to 
certain fypea of leather a gloaa and a stiffness that is very desirable. 
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Its principal um !e ill thsi Unishing of straight grains and grain 
uppar leathers. When hides are splitj the hair airte is th* grain 
sidei a Homewhat rt>iigb leaLtier of a very G¥en quality. The re- 
mainder of the split hide is uneven both in thickness and tMture and 
dnds Its principal uee in the tnafiufactui'e of inner soles. After tan¬ 
ning IB complctedi the leather may be given one of several finishing 
prtjcesisss, one of which includes the use of IriiJi mobs. The gelarin 
is extracted from cured seaweed and then filtered for purification. 
This gelatin is swabbed onto the Italhur witli hnuihea, thereby giving 
it body and stiffness. The leather is still dull in this st^te and miiM 
be glazed to give it a polish^ which is HCccitnpliKhed by rubbing it 
xdth glass cylinders, l^peated glazing or the application of dress¬ 
ing uiftterials then intensifies tlae liisljftr to a glora» Trinh mtisa gelatin 
is used in shoe polishes^ in which form it restores the finishes on wom^ 
Kcuffed leitlier^ Tlie dull Bni»h given to tlie leather at tJie factory is 
produced by revolving brushes on leather that has been treated 
with Irish moss. 

The polishing effect of Irish moss is due to the ability of the 
mucilage bi smooth and hold down the tiny^ rough projections on 
the surface of unfinished leather. In this Avay grain leather Is given 
liifi lusUr w^hidi we sea on oiir own pbo^, Luj^t^r is not as important 
ns ether qualities in the case of the inner sales, where Irish moss 
b used m a filler Lo impart stiiTuess and body to the loadier. The 
gelatin of Irish moss is also used to impart body and luster and to 
assist in the waterproofing of thu vary heavy retan leather used in 
the Holes and uppers of heavy footwear. One shoe Manufacturer in 
New England imports from Ireland abtiut IS^OOO pounds of CA^nd^uJi 
cri&jTus a year. 

Agar and algin are also m^d in the Ir^atment of leather. 

AIjGAE AiSD TEE PAFSft INDUSTHT 

The Chinese in the olden days Bpread a little agar lightly over rice 
paper to make it more dui^ble. They also mi^t^ it with lacquer to 
strengthen paper, espedally in tlie manufacture of fans and um¬ 
brellas. Agar is used now to some extent in the manufacture of 
paper as a paper coating, to impart resistance to penetration of 
rasin, wax, and grease* 

At various Limes prcjcesee® of manufacturing paper from the giani 
kelps havo been propose but apparently with nn ccmmarcial suceessv 
The cellulose obtained from the Laminariaceae bleaches easily and 
under pressure becomes very hard no that it can be easily turned and 
polished. A good tough paper can be made from it. 

Wlipii dry, algiifie add assumes a luiid, hornlike form that is very 
insoluble end resist an L to the action of chemicals. It may be ujsed 
for a substitute for horn and as an msulating material* 
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ALGAE Ami PeCTDORApITT 

In 188S UffiCcb^il pra|Hie&d the substitution of agar for gclotm in 
the preparation of pbotognipluo mat^riab needed in tmpical conn- 
tries* ^vieral patents were obtained for this purpose. ManipulatiTo 
difficulties ond inconsistent results: prevented photographic maim- 
lecturers from placing agar products on the market to on^ great 
citentt although a few fimiB in Germany and England were manu¬ 
facturing agar papers some years ago. Ck>opcr and Nuttall e^rpori- 
men ted further oil the application of agar to photography^ An agar 
dim need be but <mc-cigbth aa thick as a gelatin film. Other ad- 
rantageR are tlial agar as compared with gelatin is cheaper and is 
more insoluble in water eieept when it is very hot. One firm states 
that as a reagent in aeneitized emulsions, agar has proved to be of 
better quality than any similar material now on the market In 
pkotomechanicfi the term **colloid^ is applied to nil substances that 
are Capable of being i^dcrcd insoluble in water when impregnated 
with bichromates anil ea;po!:ied to the action of light. For this reason^ 
ague and Irish mos& are among the colloids! matcriak that are of 
value in the rorious pbaHOs of photomechanical plate making for 
the production of photographic images. 

ALGAE ANB WAJS &L\TEBIALS 

During World War I, the Germans made a surprising iiJ?e of 
a variety of When dry, the kelps with their massive 

thalU diminish in vrihimB and becurne wrinkkd* As soon as they 
are placed in water^ they absorb the water, swell up, and return to 
their natural form. Some of tlie German grpundeg that fell into 
bodies of water or humid places, exploded after a ceifaiu length of 
time. When similar grenades wafo studied, they were found to 
contain sulfurio acid in a small glass ampoule and potassium chlorate. 
The grenadcK were hermelic^itly cloisefl with a piece of 
^hmtonU bearing at Sts internal end a sharp metallic point. With 
humidity the piec*! of seaweed trlongaled eo that it pushed the metallic 
point against the ampoule, thus breaking it The contact of the 
mleaj^ed odd and the ohloratu ciLUsed an exploginn. In other grenades 
the needle pushed by the piece of seaweed eame in contact with a 
capsule of fulminate. 

Algin is used as a binder in cartridge primers here in tli^ United 
Statea 

ALGAI^ AND QTHEUI INDUSTRIES 

In cnnnection with national defense work, the algin products made 
by a company on the Pacific coast are Efupplemeuting the foreign 
gums such os tragseanth, locust bean, gum orabie^ and other gums 
which are practically nonavailable amce the present war ^rteiL 
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Algin has beea found to be equal to, or better thou, the foreign gums 
in most of the industriiil applications that require the use of gnms. 
The usage of gums is more widespread thitn is generally known, 

Algin products are employed in iJie titiatnient of bolter water and 
other industrial waters^ in cem-sealing eompotinds, in oil-well drili' 
ing muds to seal off porotiF formation^ and reshrt the flocculaiing 
action of brines, and as a medium for separating battery pktes m 
Che manufacture of batteries. 

For re^^lving and preTenting the incrustations of boilers, sodium 
alginate is recognized by Experts as one of the best preparations, as 
it prEcipitatea the lime salts in a state in which they can be readily 
blown off* The charcoal formed during the manufaeCure of iodine 
by the wet process, when combined with algin, has bean largely used 
for coYoring boilers iinrkr the name of carbon cements Throe per¬ 
cent of algin is sufficient to make the carbon RfltiHre, and a cool, light, 
and adequate covering Is formed. Agar is used as a suspending agent 
in a wirft-drawing lubricanL 

Just recently, a patent whs given for the nso of shredded agar to 
r^rtiini evaporation in tobacco. 

Sharp found lliat agar nctivates nicotine in insecticide npruys^ to 
a noteworthy degree* 

Certain species of seaweeds are used in different part>i of the world 
for making ornaments and curios. Species of having a 

hollow stipe arc used for knife handles, since these kelpe dry to a 
very hard, hornlike substance. Tl^ey are culled artificial staghorn* 

THK PHEE5EKT STATUS OF THE SEAWEED XNDTTSTttTES 

In the sttinmer of 1041, as this paper is being written, it is difhciilt 
to obtain recent figures from Europe and Asia regarding exports 
and imports of seaweed material* The few figures ^ven below, 
however, give h slight indication of the importance of seaweed as 
an article of commerce. 


AOAR 

Japan has long been the worhrrt leading producer of agar and Is 
the only country that exports this product to any great extant. Only 
small quantitie^f of an inferior gratle of agar are reported to have 
been produced in China and the Soviet rnion. In IDM tlic Netlier- 
lunds Indies developed a small industry supplemented by a second 
establkbment opened by a well-known ice-manufacturing coiirern, 
The seaweed ncefleil by these eoDcems is obta.ined along the Java 
and Celebes coasts whence comes much of the seaweed used in the 
Japans^ manufacture of agar. The g^^w^eed could be purchased 
from the natives for aa little aa $1.65 per picu! of im pounds^ Suffix 
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cient raw material is obtained in 1 picul for the manufacture of 
bales of agar with approximately 4,000 pieces to the bale. In 193b 
the industry was still insufficient to meet domestic requirements but 
the two factories in operation hoped eyentually to produce a surplus 
for export. The Japanese output of agar fluctuated only slightly 
from 3 million pounds annually during the period 1923-31. It then 
rose from 3.3 million pounds in 1932 to 6.5 million pounds in 1937, 
when the output was valued at about $2,800,000. 

For the year ending June 30,1938, Japanese production of agar was 
estimated at about 750,000 pounds less than in the preceding year, 
although the quality was better. For 1938-39 the yield was still 
lower, and even lower yet for 1939-40. The sudden reduction in 
1938 was due to the stormy weather of the previous summer, which 
resulted in extensive damage to the seaweeds. The Japanese also 
attributed the lower yield to difficulty in obtaining sufficient labor 
to harvest and dry the seaweed and, later, to bleach the crop. 

The principal primary markets for imported agar in the United 
States are New York, Indianapolis, and Detroit, where it is inspected, 
cleaned, and repacked for distribution by manufacturers of pharma¬ 
ceutical and biological products. One food-supply bouse in Los 
Angeles used 43,000 pounds of agar in 1938. 

The limit to which agar has been imported into the United States 
has been in the past governed only by Japan's ability to supply this 
product. Normally, Japan was able to supply agar in sufficient 
amounts to meet world requirements at reasonable prices. The prices 
have varied from year to year; within the past 2 years the prices 
have risen to record levels owing to a scarcity of supplies in Japan. 
During the first 9 months of 1939, the United States imported 377,355 
poimds of agar valued at $266,331. Since the outbreak of hostilities 
in Europe in September 1939, the United States has imported a total 
of 54,898 pounds valued at $46,233. It is very likely that the ship¬ 
ments making up this total were cleared from Japan early in August 
1939. 

The war in Europe has had little effect upon the wholesale prices of 
agar in the United States. Prices prior to the hostilities had risen to 
high levels, owing to the scarcity of supplies already mentioned, 
thereby probably forestalling further advances in prices. Except 
for the Netherlands Indies there is little prospect of American im¬ 
porters being able to obtain agar from other countries of the world 
in the near future. During the first 9 months of 1939, Japan supplied 
all the agar imported into the United States except 40 pounds which 
came from China. Since the war began, Japan has continued send¬ 
ing agar to Germany by the Trans-Siberian Railway. It is interest¬ 
ing to note that Germany was the largest single purchaser of Jap- 
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imesc aga^ in WS&. frennany impijrtcd about 30 percent qf the total 
amount exx^rted to all counlriti>L 

The domestic output of agar since production in 1923 has been 
vary irregular^ (Sue tabla Since i&32 practically the entire 
domestic output has been sold during the year in which it was pro¬ 
duced. The principal rnarketa are New York^ Chicago^ and other 
large cities. In IMS production totaled TjlTO poundSp and sales were 
6jS£0 pounds valued At $0,131. 

Table 5 gircs the figures for United States agar production from 
1933 to 19S8 and Uia first 0 monlhs of 1938 and 1030, The«e figurea 
ware compiled by the Tariff Commi^Hioa from data obtained from the 
aolfi producer prior to 1934, and subsequently from onoilier pnxlucer 
who granted permission to publiBh big outputs 
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Brisfly, the principo] uses of iigai* are as follows: As an ingredient 
of glue and various adherive preparations; a aubtAituU for gelatin; 
culture media in bacteriological and scientific work; in foods as 
sausage casing, substitute for white of egg, a thickening agent in 
cream, milk, ice cream, sherbots, cheeses, cakes, puddings, sauces, 
soups, jcliics, fruits, preserves, and iB candies; as a eusponding agent 
in wire-drawing lubricant; a substitute for isinglass; a preparation 
used beneath the bandage for healing wounds; a laxative; an ingre¬ 
dient of greaseleas creams, obtments, and lotions; in dental piaU 
impressions; as a reag^t in sensitized emulaions; bo size paper and 
silk; and as a thickener in drying and printing of fabrics. 

KELT 

The Japanese production of kombu or kelp probably exceeds that 
of any other country, reaching nearly half a billion pounds in 1929, 
The greater part uf this kombu or kelp is used as foodstuffs. Ite an¬ 
nual production of kombu apparently varies considerably from 
year to year, probably depending on the effects of the ocean curreiita. 
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Japanese exports of "whole, sliced, and powdered kelp for 1932 
were "rained at 2,013,000 yen. The export prices are usually lower 
tlian the domestic wholesde prices because export prices are generally 
quoted in larger quantities than in the case of domestic wholesale 
transactions. The kelp produced for China is of lo"iver quality as a 
rule than that consum^ in Japan. The kelp shipped to Hawaii and 
the United States is in meal and powdered form to be used as poultry 
feed, human food, and for medical purposes. 

Norway produces kelp ash, the greater part of which is taken 
over by the iodine trust in Scotland. Ash is also exported from 
Norway to Great Britain, Before 1930 Bussia was a fairly good 
market for the limited production of iodine, but the beginning of the 
manufacture of iodine in Bussia adversely affected the Norwegian 
kelp burners. In 1932 heavy storms washed ashore large quantities 
of seaweed ell along the northern and southern coasts of Stavanger. 
The kelp was of better quality than that gathered in previous years, 
and for it the burners would have been paid a higher price. How¬ 
ever, a heavy decrease in price was caused at that time by the fact 
that ChBe, the world’s largest exporters of iodine, abandoned the 
gold standard, and with abundant stocks of iodine on hand, was able 
to cut the price about 25 percent. It was then impossible for manu¬ 
facturers in England and Scotland to produce iodine from Norwegian 
or Irish seaweed ash at competitive prices. Lower price quotations 
for iodine were also reported from Japan and Bussia. 

Kelp was formerly exported from the Wieringen district in Hol¬ 
land in the amount of 2,000 to 3,000 tons annually, going principally 
to Belgium, England, and France, with occasional shipments to the 
United States. It consisted chiefly of fully prepared seaweed to be 
used as Ailing for mattresses and upholstery and for plant gelatins. 

A Arm in San Pedro, CaUf., leases the kelp beds in the vicinity 
from the State Bureau of Fisheries and prepares the seaweed for 
livestock and poultry concentrates. This company also prepares kelp 
for human consumption, 

A concern in Seattle, Wasli., manufactures chieAy cosmetic products 
from kelp. 

At one time there was a kelp-gathering project in Nova Scotia 
which obtained kelp from the shores of Nova Scotia near Clark Har¬ 
bor and processed it in a plant at Bockland, Me. The Ashermen 
were paid $3.00 a ton for kelp. They pulled it off the rocks by hand 
or "with hooks and loaded it in their dories to take to the plant, 
where it was treated with chemicals in cement tanks to prevent it 
from rotting. It was then packed in rope bags, and when a sufficient 
quantity, 100 to 110 tons, had accumulated, it was shipped to Bock¬ 
land in a power boat. In 1938, the Arst year of operation, 6 ship- 
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meats of kdp ^cro aiado to Bockkad, and in 1830 tliera woro 6 idiip- 
monk. No fiirOiBr deUilB have been received from the fectoiy unoe 
that time. 

The Fiiheries ReHearrh Board of Canada in the summer of 18il 
reiwrla that considerable quantities of kelp are harvested aloii^ the 
south shore between Yarmouth and Cape Sable Isiiand and traas' 
ported to Maine. 

AtfiiK oo BonnrM auukak 

The imports of aigin into the United States are rolativoly unim¬ 
portant, ranging in liie New Ygrk district from 5,000 pounds to about 
13,000 pounds during the years 1832 to 1835, iiicliuiive. The United 
Kingdom wm tho principal supplier in 1933 and 1934, the Irish 
Free State in 1832, and Norway in 1935. Some sodium alginate 
materials enter as crude or srmimannfHcturied seaweeds, algin, or 
extroct of seaweed. 

In the United States, sodium alginate has been produced by only 
ona large campany in recent years, Tho imports are relatively un¬ 
important in comparison with dotnertic production. There are no 
availsble statistics of the raporta but it is believed that they are 
small, if any, 

Thu one company producing sodium alginate in tho United States, 
located at San Ujego, Calif,, started operations several years ago by 
taking over a plant establialied in 1920 which had failed. After 
iulensive research and developmental work, they Imve brought their 
product to a point of commercial production. 

misir irofle 

center of the Irish moas or Ch&ndrue crupvt industry is at 
Scituate, Mass., where an annual supply of approximately 200,000 
pounds IS produced. * 

SummarkiTig briefly, the gelatin from Ohondrtui crvfpm, m used 
m Unmng m fining beverages, as a fiUer and stabilker in various 
foods, as a basis of ccrtatti drugs, and in the coamelica industry. 

OONCLrSlON 

“SeawS?’-^"* ^^**^*** ^ Longfellow^ famous poem 

dncendA on ths AttAntlc 
jri^iuiuc 

^tdim wind *£ tlia oqiilnoi 

LnndwftTd In liLs wtaQi be hxidt^^ 
tbe totUag fiTirg«4^ 

Laden witli aea-wee^ Uom rocto 
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Ever driftLni:, ilr&fOii^. drifting. 

On the iilCdtUatE 
CnrTwts <)f tlie reutli^ malRr 
TUI la sJudltiiFd {aTEi and 
ot mad^ beaEiliftip 
ALL Ziara faimd repcsa Again. 

Indeed the seaweeds are not lindj]]|' repose in thia generation, for 
day by day the sdentirta and industnal workers are deTeloping new 
uses for them in ev^ry walk of life. 
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£KI3 TAPING Is Oir 1 SAMPLE OT 
SATJBAL PAPER FORMED fll DRiSD 

algal FILAMSETS. 
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1-3. vit» 5 af m'lrj and fenw ahnwinE old coUun 5ialks nnd fence erjem-^t with “natiiml paper": 4. photo- 
mi^gTftiih of apiece of hlcached al(;at film with the filaments tf'mnl ajmrt; 5, phstoEraph of tviilhK and 
h^^ad peneil writing oii al^l paper; (H photomictograph of a few filaraenls of TribaaemS fmm the hi^ti 
end of an algal nlm. Courtesy of C, F. Moreland, 
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ii, PorphjfTa piilifarh Ag.» lavor; 2,. GcHdium corneiim Lanioiiir from Hong Kone; 3+ Purphtfro laciniaia Ae,; 4, a cake of Porphyra laciniata Ag, from Alaska, U forms aii article of barter 

between the natives of the ooest and the Inland. 
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ym 0^ fU Ifrirt b itmutumf % ni^l nf Ikw* l^^i iWltt thm itm lifma rkwHl DKWiiutv to 
nukiag bInJ'i tiML miu|k: a. HJkadjf nutih paimatM MalUlt tuid II. [niUL Uh: Aleuilu WMiali. ^ 
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1, lawifHHr/a diffUata (L.) Lamour from Holgoland? 2, Futus tietkul&aua L. from Norway; 3. .4farfa ewuffnia Grov. from Cftllfornlu, 
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I pThe giant kelp A/oer«Cffaiii pfn/era in lU natural habitat: 2 and 3» a power-driven barge harvesting kelp. 

Courtesy of the Kelco Com pan y. 
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1, Ilyputa nidiftca J. Ag,; 2, laminaria cfmMoniL 
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i, Eckhnh cartt Kjdlm. from JaiHiii: 2, Nereoc^fStiti ludkeana Tost, and Hupr, from Ban Juan iKland'Ji a, oce/Mw* Holm, from Jaiian; 4, Factat smtttun h. from IeH?lan(l 
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THE EXCAVATTOXS OF SOTJOMOWS SEAPORT: EZiON- 

OEBEfi 


Bj Nelson Glw:b; 

^raftsmir of BUfh otid Bibik^l Sehrew Undan C$lk&c, 

Dir6^tQFf Schvol Ortonfffl 


rwith 14 piAfMl 

Tliree seasons of cxoaT&tioj;iit W4^ti conducted duriDg the eprifig 
monthfi of 1938-40 at Tell el-Elieleifeh, under tha ausipices of the 
Amt^ricHu School of Oriental Sasearch, Jerusalem, the American 
PhiJosophic&l Society, and the Smithsonian Institution. They re¬ 
sulted in the almost complete uncoveiiug of Ezion-geber, and of 
Elath, as it was known in the latter part of its hiatory. TeE el- 
EheleifeJi (pi. 1, fig. 1) is situated in Oib center of th© southern end 
of the Wcldl elJArsbah, an the north shore of the Gulf of ^Aqabab^ 
the eastern arm of the Bed Sea. It is about halfway between the 
northeastern and northweeiern ends of the gulf, marked lespectivety 
by tha modem village of ‘Aqabah (pL 1, fig. 2, and pi. B, fig, 1) iu 
Transjordan, and tha police post of llrashrs^ in Palestine. On tha 
east side of the gulf ifi & *fldl Arabia, and on the west aide is Sintu, 

The dlKovaiy uf TflU el-Eheleifeh and ita identificatioD with 
^on-geberiEIath were the rasult of archeological explorations, 
aided by some scanty references in tha Bible, As a roault of the 
ardieotogical exploration of the Wadi el-'Araboh, the great rift ei- 
lending between the souihem end of the Dead St's and the Gulf of 
‘Aqabah, and known in the Bible ss tha ‘Arahah, extensive capper- 
and iron-mining and amelting sites were discovered, which could be 
dated by the pottery recovered particularly to tlie time of King 
.Solomon. One of these mining aod Hmeltiiig sites, called Mi-ashrash, 
directly overiouks the present iihore line of the northwest corner of 
the Gulf of ^Aqabah, Near the east end of the north shore are 
located tlie eatenaiva rijins of the Nabatacan-Boman-Byzantino- 
metlieval Arabic site of Alia, whoso history goes back to at least 
the third century B. C. These facts compellied the conclusion, aov- 
eralfl years before it was actually located, that the site of Solomon’s 
seaport of E^on-geber had to be aituoted somewhere along Uie present 
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Fumx L—Lowtlon of EKioo-Oefacr, 


Kilvnctlrt' 




aZbXvtt MiTw 


^OPB of the north end of the Gulf of ‘Aqabab.^ 'I'hLs was also in 
li^niiODy wiih the statement in I Kings 9 : £ 6 : 


Kin^ &olDiDcin u Atst of ^Ijii In E£lon-j£ct^r« 

llte ihM of tilt B«l Sea. la tlje Land of Edom. 


Which iB boflde BluUUp on 


Until the actual site of Soloioion^s seaport tvaa discover^ and cx- 
carated, tlia notion i^aa ourrent that it was to be ItKated at a place 


t^oeck, Iq Eaittni Boll Amrt. SAmU OHnit.] a. 

ortatal a«, T.t IS.tfr^T;«^ 4 Tl!Su 5 ^ST»S 4 !ri^ '****** 
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coJJed Meno ^iyeh in the Widi el-'Arabah^ some 30 kilometers north 
of ttift pmtent simre line of the Gulf of ^Aqabtilt* Tliis was beliei^od 
in at a time abo when it was not known that Mone 'Tyeh waa 
aciluaHy the site of one of the lArgeet oiining and smelting sites in 
the Wftdl ch^Arabah, worked intensiTelj particularly during the time 
of King Sfjlonion.^ Othar sdandficationB have been with GhadyAn" 
md with a place near ^Ain Deflyeh,* which latter site b wnie 16 
kilometers fi*ora. the present shore of the sea* For various reasons, 
it had been thought that tl^o waters of the gulf had retreated in the 
course of some three millennia from approximately 30 to 16 kilometers 
io the puajtion of itif piieisent north diore. The waters of the Gulf 
of ^Aqabeh* haTe,i as a matter of fact^ retreated during the course of 
tlie la«L a, 0 n 0 yearB, but the retreat measures about 550 meters, and 
not as many as S 5,000 meters mora or It mnained for a German 
exphirpr, Fritz Frank, to discover the small mound of Tell el-Klia- 
leifeh, which is situated about £$0 meters from the shore and is 
iiiilfwsv between the eastern and western ends of the gulf,* 
He found large 4 |iiantide 9 of pottery fragments on the surface of the 
iiiouriil fpK 3 , fig, 2 ), which he judged to be oldt earlier than Bomain 
W'lieu tivo expedition of thw Amcrii:^n School of Oriental Beseareb^ 
JeruEuleiJi, siibseqiip 0 ^ 3 -examined the site, it was seen that the pottery 
thpt e was the same as that at tha mining Bites in the WAdI eh^Arabah, 
and that the main period of occupation of Teh el-KJielci feh must be 
assigned to and of ter tlie time of King Solomon,* The cxcaTOtions 
(pL fig, 1 ) have shown that in all likelihood Tell el-Kheleifeh is 
to be identified with lizion-gidier: Elath, although it cannot archo- 
ologiiailly demonstrated beyond aJl quastinn of doubt It is, bow^ 
cveFi now cienr timt Uie Hhore line of the north end of the Gulf of 
^Aqabah has not changed appreciably in the laid 3,000 years, 

It would fiictiiLata the identification of Esion-gcber greatly if we 
knew exactly where Klath was situatiHl, Both sites, if indeed there 
ever were two separata siles^ ivhich we doubts are at least to be sought 
in close proximity to each other^ according to the Biblical passages 
teferring to them. We have attempted to identify Eloth^ or Elath^ 
^ it is vxrioualy called in the Bibles with the largo ruined site of 

■GItsccJl, Xen^D, ErplOTAllotU In C:utim .inn. Aratr. Sclmlt Orl»til 

fiti. ifi, mi, 1 ^ 1 - 1033 : Umii AloU, XnibiA rrtnm. Vrti, 1 , pt, a, pp, ise-ioo, 
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dir^y OD the ^ore of the gulf. To jiulge from careful and re- 

^ til*"?' however, AUa 

tts OMupied from the JTabatiiean to iJie medieval Arabic peritki, 

Possibilily ramaiius, neverthciea«, that if 
ewavatonB were to t» undertaken at Aila, aberth, might be found 

pracediug the times of 
tJfnH f^'>'‘th, I ronmder that pisibiiity, how- 

^er to ^ a ramote one, b^ause the depth of ancient debris on the 
site of Alla 15 not considerable, and could not go below the NabaUean 

eSww * Ezion-geber or 

h, th^ in all probability tlieir ruinfl w^re completely cleared 

t^k^nlice'too^*^^ building operationa which 

^^ri^S m tl« Kabataean, Roman, and Byi^n- 

Jm to «“"* ’"to in detail elsewhere,* 

site until tho n * Ezi<>n-geber did not become a really imijortant 

after wbiph *’ . " ^ middJfi of the ninth century B, C., 

by Elath in th^Vhr^” ^ aentionod. It was replBoud 

«ntu^ B C n^r ^ aeoounts becoming important in the Eighth 
S?nS.®* Of '^’hich it passed from Judaean into 

“^1 Thera is reason to 

the Elath which succeeded 

?olf «« « ^portant site on the north shorn of the 

tor difforant names to be appticd^ to th happening 

dtirinjr variou« Rt«^ T-* u-!“ ®*™' snetent Biblical site 

tTZ a^ Q^ryath-sefer and Dcb!r 

trV™ r Tv 4 »nd Eirvath*‘arba.“ In 

...e afu. c^^^rre, 

«». 9 ‘ Oi*w(aj bm., 

r!rfr*'*?rii,"’’ *■ Oeto*!** MW: Bii4oiatlai« tbUiiiHc^ec). 
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of both Etzion-gcbcr and Klath as reflect&l in tho Bible, we ue cofu- 
pelled tu conclude that T«H el-Kheleifeh ia to be ideoLififM] with 
EzioQ-geber and Jl^th. 

One of the chief difficulties at first of identiiyuig Ezion-geber; 
Elath with Tell d-Bbhcleifdi, is Lite iDcstjoTt of the tell in the center 
of the south end of tiie Wadi el-^Araboh on the shore of tlw gulf, and 
not farther to the east nearer to ^Aqahali, at a place such as Aila, for 
instance. Assumi ng, as W'e do, that Ezion-geber i» to l>a identified 
with file lower levels of Tcll fil-Kheleifeli, it is possible to say that 
the builders of the dte could not pxtsslbly have chosen a tiioru inclem¬ 
ent site along the entire shore line. Situated in the bottom of a curve 
bank^ on the cast aide by the hills of Edom, which continue into 
Arabia, and on the west side by the hilb of Palestine, which continue 
into Sinai, it is open to the fiill fury of the wiudH and sandstorms 
from the north that blow along the cenier of the Wftdl cl-*Arabali 
aa if forced through a wind tnnneL During the IMO aeason of 
cxcaTationa, for instance, there was a blinding sandstorm which lasteri 
slmoKt continuously for 10 days, and made work on the toll practi¬ 
cally impcasibla. By walking about a kilometer to the cast or to 
the west of the tell, it was always posible to escape the winds and 
the accompanying sandstorms. Inasmuch as it is demonstrable that 
the physical conditions hare not changed appreciably there during 
the last 3,000 years, the question which disturbed us before the com¬ 
mencement of the actual excavations was how the ancient architects 
and city plaimeiw had hit upon this particular plewe for ths laiilding 
of an imtKirtant town. It is not difficult to understand why Solomon’s 
port dty could nnt have been built farther to the west. The shore 
is rocky there, and dangerous for shipSL FiiHhsrmor®, from Mrash- 
raah, at north western end of the gulf, to Tcll el-Kladeifeh, there 
is no drinking water iti a distance of about 31 /^ Miometcra. The 
police stationed at Mmshrash mind all the way to ‘Aqabah, at the 
northea^erii end of the gulf, about T kilometers* distance one way, 
fur their drinking water. Tbe point where the sweet-watcr wells 
begin is marked ainu^ exactly by the location of the ruins of Ezion- 
^ber Prom there eastward toward ‘Aqabah there is a coutinuons 
line of sucli wells, increasing in iminber the closer one gets to ‘Aqabah, 
and becoming constantly less brackish, and marked bv a correspoud- 
mgly increasing number of date palms between the two tmiuts. 
^Vhy, then, did the builders of Ezion-gelier not locate their site nearer 
‘Aqabah, whore the water is comparatively sweet, and where protec¬ 
tion may be found under the lee of the hills from the strong winds 
and biting sondstorma tiiat plague it in its present position? The 
strong winds that blow steadily from the north were evidently a 
feature so desirable to the architects of Ezion-geber that they built 
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it directly in the path of these winds, at the sacrifice of much con¬ 
venience and comfort for its inhabitants* 

The very first building uncovered gave the answer to thia par¬ 
ticular problem. The excavations were begun at the uortiiwest end 
of the mound for various reasons, not the least of them being consid¬ 
eration for the direction of the winds, which would at least blow 
the debris being dug up away from, and not directly into, the eyes of 
the workmen, A large building containing originally three large 
rectangular rooms and three small ones was dug out, its walls more 
Or less intact to about a third of their original height. It soon be¬ 
came evident that this was not an ordinary large building or palace, 
but a completely novel type of structure, the like of which had not 
previously been discovered in the entire ancient Near East, The 
walls of tile rooms were pierced with two rows of flues, and the main 
walls were interconnected by a system of air channels inside the 
walls, into which the upper rows of flues opened (ph 3, fig, 2), The 
lower rows of flues pierced the walls between the rooms. It is our 
present idea that the lower rows of flues were intended to permit 
gases forming in one chamber to penetrate into a second one and 
preheat its contents. In other words, not all of the rooms were 
fired at the same time, but were fired progressively. The upper rows 
of flues were used then to create a draft, the air being sucked 
throughout the entire length of the building toward the draft clum- 
uey, which we have reason to believe once rose over the southeast 
comer of the structure. The originally unfired yellowish mud 
bricks had been baked by the heat of the fires in the rooms to the 
consistency of kiln-fired bricks. It became evident that the building 
was an elaborate smelter or refinery, where previously ‘^roasted” 
ores were worked into ingots of purer metal. It was obvious both 
from the sulfuric discoloration of parts of the walls, and from fin¬ 
ished metal articles fashioned from the ingots produced, that the re¬ 
finery at :^ion-geber was devoted mainly to copper, and in a lesser 
degree to iron. Great quantiti^ of both copper and iron, especially 
copper, abound in the Wadi el-^Arabah, in Sinai, and in northwestern 
Arabia,^ In the complex of buildings surrounding the smelter were 
foundry and factory rooms, in which finished or semifinished articles 
were turned out for home consumption and for export, Ezion-geber 
was the Pittsburgh of Palestine. The rooms in its refinery were, so 
to speak, air-conditioned for heat, utilizing a natural forced-draft 
system to fan the flames in the furnace rooms, which in principle 
was plated to the Bessemer principle of forced draft discovered 
less than a century ago. 


^ El-K^eleif.^ <E^on-G.ber,. B„n. 
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The fuel for firing the refinery was obtained in all probability in 
the form of charcoal from the woctded hills of Edoni.“ Layers of 
crashed ore were placed between layers of lime in thick pottery 
crucibles on top of a base of hard-baked, loosely packed clay debris. 
Piles of charcoal were then packed around and above the crucibles 
in the open furnace rooms of the refinery, and the rooms fired in 
successive order at proper intervals of time. In this wise do we 
reconstruct the method of refining the ores and firing the furnaces. 

In view of the now-established character of the important smelter- 
refinery of Ezion-geber: Elath, which was used and reused in one 
form or another throughout practically the entire history of the site, 
it is possible to understand why the builders of ancient Ezion-geber 
chose the site they did for the founding of their fortified industrial 
establishment. They had in mind the needs of the large refinery 
they were planning to erect. After careful examination they chose 
the one site in the center of the south end of the Wadi el-‘Arabah, 
where the winds blew strong and constantly from an almost unvary¬ 
ing direction. They needed a constant draft from a known quarter 
to fan the fiames in the furnaces of the refinery. Without these 
strong winds, for the sake of which they were willing to endure 
frequent sandstorms, they could not have erected such a large and 
elaborate refinery, and would have had to rely completely upon the 
hand-bellows system in vogue previously. The comfort of better 
water and a more protected location for the founding of their city 
was dispensed with by its builders in order to enable them to harness 
the elements for their industrial purposes. 

Incidentally, the shore line in front of Tell el-Kheleifeh is free of 
the rocks which make the east and west ends of the north shore 
dangerous for boats. It was on such rocks, according to I Eiings 
^2:49 that the fleet of Jehoshaphat, which he had had constructed 
in order to sail to Ophir in Arabia for gold, came to grief. Sol¬ 
omon’s fleet, which made the trip to Ophir and back once every 3 
years, according to I Kings 10; 22 and II Chronicles 9:21, may have 
previously experienced a similar fate. The ships of both fleets were 
probably no larger than the small sailboats in which the fishermen 
put forth from ‘Aqabah today. The requirement in Solomon’s 
time was not a harbor with a deep draught for ships, but one which 
had a sandy bottom enabling ships to be dragged on shore. The 
main anchorage for Solomon’s fleet may even have been farther to 
the east, approximately at the position on the shore line facing 
Aila, where, as we shall point out, some of the free residents of 
Ezion-geber: Elath may have tented, Solomon’s ships brought back 

“ Idem, p, 10; Eiploratioos In Eastern Palestine. Ann. Amer, Schools Oriental Eea 
vol. 15, pp. 26, 44 , 1834-36. 
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varioua precious products from Aruliia,** mxdoabtedly giving in ex¬ 
change the copper and iron ingotK aiul finlabed metal objects pro¬ 
duced in Ezion-geber. 

In addition to the fact that the entire find town of Elzioii-geber, 
which for conveuieQCO we shall call Ezion-geber I, represented a 
carefully integrated industrial c-omplea, the excavations Imve shown 
that it was built completely anew on rirgin aoU. It experienced no 
gnidtia] growth and development but was built at one Lime?, within 
^ space of a year or two, from a preoooccivcd and carefully 
worked-out plan. Surveyors, architecta, and engineers had evidently 
lookiid over tlic north shore of the Gulf of ^Aqabah in advance with 
a view to the particular requirements they had in mind. They were 
induiitrial scouts, and chose a town site which no builders wauld 
have selected in the normal course of events for the founding of a 
settlement. They needed, as we have seen, iitrong and continuous 
winds, coming from a known directi<m to provide drafts for for- 
naocs. They needed also sweet water to drink, a central point cotn- 
mondiug gtrutegic; commercial and military cross roads, sad access 
to the sea. Great quontitiea of copper and iron ore were present in 
the ^i''adi el-^AraLali, and provided the most important impetus for 
the building of the first town on the site known today os Tell 
cl'Kheleiieh. 

Tho town site chosen, intricate plans for tlie ostablli^ihing of a very 
complicated factory oouiplex must have been drawn up. A great 
deal of specialized techrdcal skill was necessary. Thick and high 
walls of EUHHiried bricks had to ba erected, with fiuss and air chan¬ 
nels in tliuni, and with allowances made for tho weight of the wall 
above them. The angle of tho buildiuga bad to bo chosen carefully 
lo got the full benefit of the winds from tho north. lirit:tre had to 
be made by the thousands, and laid by expert bricklayers. In no 
period in tho history of the eubaeqiiont towns, each built on top of the 
ruins of the pFovious one, were bricks os excellently made and skill¬ 
fully laid os during tlie first peiiod, Certainly not in tiie poor little 
town of *Aqabah several miles to liie east, which in modem times 
has superseded Eziun-geber. All the bricks won laid in complicated 
systems of headers ami stretchers, with the coniejw of the walla well 
btiJidiKi together. One rcada today of new towns, planned in ad¬ 
vance, and springing up os if by magic on previously bare soil with 
Lhe aid of modem trunsportatioa facilities and mechcmical equipment. 
Ezion-^ber, however, still remote from civilized points today, was 
a long and difiicult journey from them in ancient tim<^ It took the 
writer 13 days on camelback, severai ycara ago^ to travel from tho 
south cad of the Dead Sea, which is already comparatively far from 


»iK]pBi 10: a, iO, ifl. 
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Jerusalem^ to th? nortii shore of tlao Qulf of ‘Aqabuh. It took a 
gi«at dtial of business ability, &» well as ardutoctural, engmeering, 
and metallurgical skill, to construct the factory town and seaport of 
Ezion*Eeber, and to keep the production line gping. 

One can eafflly visualize the conditions emsting about tlitee mil¬ 
lennia ago, when the idea of building this place was first conceived 
and then brilliantly translated into reality. Themsands of laborurs 
had to bo assembled, housed, fed, and protected at the chosen build¬ 
ing site. As a matter of fact, most of them were probably slaves, 
who had to be guarded and goaded to work. Skilled technicians 
of all kinds had to be recruited. Great caravans had to be ooUected 
to ttaiwporL materials and food. An cfifectlve business organization 
had to bo called into existence to regulate the prufitabTe flow of raw 
materials and finished or semifinished products. There was, so far 
as we know, only one man who pousegsad tlio stniiigth, wealth, and 
wisdom capable of initiating and carrying out such a highly complex 
and specialized undertaking. He waa King Solomon, He iilone iu 
his day had the ability, the vision, and the power to establish on 
important indueirial center and seaport such a ooiuparati^’cly long 
distance from tho capital city of Jerusalem, 

The wise ruler of Israel was a cop|)er king, a shipping msgrate, 
a merchant prince, and a great builder. Through his m anif old activi- 
tiea, be became at once the bleasiug and tiie curse of his country. 
With increased power and wealth camo a oentralization of authority 
and a ruthless diotatorsliip which ignored the democratio traditions 
of his own people. There resulted a oountcrdovolopment of forces 
of reactiuii and revolt, which were immediately after Solomon's death 
to rend his kbgdom asunder. During hk lifetime, however, Solomon 
teigued auprtuiie. The evil he did lived after him. Hk far-fiiing 
net of activities extended from Egypt to Phoemcla, and from Arabia 
to Syria. Ezion-gebar repreaenta one of his greatest, if Indeed tip 
to the present time his least-known accomplkhmantHL In the person 
of Solomon, more than anyone else before or after him, was fulfilled 
tho protniae to Ivwael, contained in Deuteronomy fli D, according to 
whi^ Israal wos to inherit a land (the ‘Arabah), “whose stones are 
iron, and out of whose liiils you can dig cop|Kir,” 

A long period of mining, smelting, refining, and brickmaklng must 
have preceded the eonstruction of the elaborate refinery, unless one 
is to assume that experts were imiwTted for the purpose, just as, for 
instance, Solomon imported Phoeniciana to build and man hia 
(I Kings t>:2$-28; 10:11, 22). There is, however, no reason for 
that assumption. Mining and smelting and refining were known 
along the length of the *Arab&h at least from the beginning of the 
Early Iron Age, and quite probably already In the Early Bronze 
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Age. The JQCenites, "wTio were nniive to the otmntty, anil whose very 
iiatne reveals that lli&y were uniiLhs, were the ones who probably 
introduced the Israelites, whose leader hfoses had apparently token 
a ^enlte wife and who retained ever aft erward the closest relation^ 
ship with them, and the Edomites, to whom they were related through 
the IjCenizzitea, to the arta of mining and metallurgy. Was it from 
the i^enites that Moses learned how to make a copper serpent! (Gen- 
Csia 21:9.) Saul was tnijidful of the clow connection between tlie 
I<wae1ite8 and the ^cnites, and spared them In his battles with the 
Amalekites. 

That the IS^eiiitaa were at home in Edom and in the WadS 'Arabah 
la jriili{:ated by Balaam^s punning proverb with rugard to tbain iii 
Jfnmbcra 24:21: “Everlasting ia thy habitation, and set in the Eock 
(Sela) is thy Nest {QSn).*' The pun on Qiiti and i^eiiita (Qunite) in 
obvious, and Sela Ik to Ik identified with Umm el-Bij&Toh in Petra.” 
Tha Rible tells that Tubal-Cain (a \vng Qxb fiript forggr of Cf>p- 

per and iron inatrumgRte (CJene^iB 4:33), It k stated in 1 Chromd^ 
4:12-14 that the ^cnizzit^s Uvod in tlig Tjillej of Smithfi. We believe 
that this meang the Wadi *Arabah, with Sts many copper and iron min¬ 
ing atii] smelting sites, and that the City of Copper mentioned in con¬ 
nection with th^ Valley of Smiths is to be identified with the Itirgo 
Iron Age mining and smelting Rile nf Ehirbet Nohas (tho Copper 
Ruiu), located near the north end of the WfidI 'Arabah.** ConfimuHl 
wanderety, the seem to l^ave retained throughout their history 

a Badnuin form of lifa, like the related Bcchabites and derabnicfditcs. 
The presence of tmlividual j^cnites in Juduli and Inreel, pictiired as 
wandering about from place to piace, can be understood when it is 
realized that they were itinerant smiths. 

The anelter-refinery was literally the center of the firet Ezion- 
geber, or Ezion-gcber 1, as we shall cull it. Some distance removed 
from it, and around it, woa built a square of foundry and factory 
rooniK. This industrial square wag only one room thick. The roonu 
were formed by lliin partition walla, between tho apaced, pareliel 
inner and outer walls. There seems to have been an entrance guarded 
by a Btmng square tower on the south west side. The plan of the 
smelter, together with the industrial square, may be likened somewhat 
to^timt of a strong atockedo wall, with a row of houses one riM»m 
thick, ^It against the inside of the walls of iho stockade square, 
and with an Isolated, commanding building in the center of the 
square. There is, furthermore, some reason for believing that oon- 
slderabiy beyond the mtlusirial square, wiiose outer wall is sli^igth- 

lu*. 
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like a fortress wjifl with regtilar offsct^i there. m»y have been 
m the VKry first period an onter^ compk^ fortification system^ con- 
sisting of two ffiparate wallsy with a gla/ffis built against each of them* 
and a dry moat botwccii the two walls. All traces of it haTO di^ap- 
fjeai^d becauBB of a later fortification ^’stcm much like it, which com¬ 
pletely displaced it. 

Both the tmieher and parts of the industrial square were u«ed and 
reused in later periods. Indeedj one of the mam difiicnltics of the 
excavatiouH c-nusiHted in just this fact i That wherever a later age 
found ft goexi wall of ii previous one, it frequently built other wnlis 
against it to form a new room- The employrnent of a straight 
slratigraphic method of ejccavation would ha\*i! produced dire results. 
The problems of unraveling the pimles of walls there, buUt against, 
each other, yet Fi^ij^utly Ladoziging to totnlly different periods, were 
baffling at first appearonee, but ustially could be solved. The fi«- 
qiient nm of diff^reTit ty|}CH of bricks and different methods of brick¬ 
laying in different periods helped to distinguish nno iieriod from 
auoUiMr. In certain parts of I'cU ei-Khelelfeh, waUs of successrc 
periods were built on respectively higher levels. 

The intricate smelter-refinery of ^ion-geber e Elath was from the 
very beginning till near the end of tlie histc>ry of the plat^e cotisid- 
ered to be its most important structure. It underwent numerous 
changii^j in the courBU of time. The systim of flues and air channels 
in the walls was abandoned after they had become filled with sand 
and soot. The flue holes were plastered over, and the smelting pro¬ 
cess reverted to the use of hand bellows. In this wise, the gi'Cat in¬ 
dustrial plarst continued to function for a number of centuries longer. 
The tremendous heat in the furnace rooms of the smalter transformed 
the »uu~tlrLpd bricks used in its oonstnidion into the equivalent of 
kiln-baked bricks. The copper sulfide fumes of the copper ores being 
reduced in the ^mlter tuniBcl its walls green; where the fumes did 
not come in direct contact with the walls, tho heat turned them brow n 
and rad. Centuries of 03:periaQca Imd produced a brick measuring 
40 by 20 by 10 iamiiuipters, with which an esicelient wall two and a 
half bricks thick could be produced, of enduring strength. Soma of 
the walls ol the smelter have stood nlmost to Lli&lr original height 
for nearly 30 centuries. 

When finally heat cracked the w'alhs of tlie smelter in plac^ and 
repairs and reinforcemente were nece^ry, a means of strengthening 
them wa$ employed, which had hitherto been applied only to 
fortresses;. A sloping retaining wall in all re^pecta similar to a 
fortification glacis, was discovered during the tliird saason of work, 
built against each side of the smelter. It wag almost half again as 
wide at the bottom as the smelter wallj^ themselves. Each row of 


464 ANNUAL HBFCBT BMJTH&O^JAN UjeTl’nJTlON, IQ-ll 

bricks in tb?^ supportinfr romp was set nbout 2 cml imeterH back nf 
Lhe precediiiff row, so that tha tin;e tba lop of the inward slope 
of the glacis reached the top of the smelter wa11| only the width nf 
the smelter wall remained. The outer, very nteep slope of this j^lacis 
was then covered with a thick facing of strong mud mortar, which 
effectively bid alt the irregularities ol the Uuy steps of its successively 
graduated rows of bricks, oud presented a surface so smooth as not 
to afford a toehold to anyone desirtios of oaceriditig It. Allhiiugli 
the glacis around the smelter can in no wise be distinguished from 
a fortification glacis, it was intended not so much to keep out ta 
enemy as to bolster up tha walls of the smelter. 

The strength of this smelter glacis was, furthermore, enhanced 
by the fact that while its outer face sloped inward as it went upward, 
the rows of bricks in it doped downward somewhat toward the face 
of each of the walls against which the glaf^is was built. In addition, 
tlie fauilHeiE of tliis glacis (and others like it In a later pcrloil at Tell 
el-Eihcloifch), employed n principle of tying the bricks to each 
other that was commonly used, for instance, in tha Renaiseonce 
Period in Europe, particularly for fortress construction. The bricks 
wens laid in complex, crisscross pattemg. It is the strongest form 
of brick bonding known to man, and must already have been old 
when uaef] by the briclGnasoiis of Ezlon-geber. By ascertaining the 
degree of the angle of the slope of the glacis around the ametter, bath 
the height of the glacis and the original height of the walla against 
which it was built could be obtained. Allowing for the upward 
extension of the walls of the smdter above the top of the glacis, it 
is pf)Ktifa1e to say that the smelter walls were about 4 moteni high. 
There was no roof over the smelter. Ifatumlly, when the strength« 
ening gla^jis was built against the mnelter walls, the flue f^stem 
could no longer iimetion in the same manner os previouBly. The 
inside walls were completely plastered over, closing the flue holes 
from this side also. Just how the necessary draft was furnished 
for furnaces is not dear to ua. One thijig is certain, namely, 
refining and, to a degree, smelting operations were continued in the 
smclter-refiiieiy. The heat was so intense that the plaster covering 
tha walls and the previous flue holes was iitcrally fared against die 
walls. Perhaps flue holes were built in the walls above the level of 
the top of the glacis; or perliaps the crude bellows system worked 
by hand was revertini to. Apparently the emelter-refinery was used 
in one form or another till the end of the oexupstion of Ezion- 
geber: Elath. 

In all prohability, the refiiipry and foundries and factories at 
Ezion^geber were manned for the most part with slave labor, even 
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as tibe iji tlio Wadi el-'Arabali trone worked bj BiaTCH.“ Tbe 
fumes and suiokii from tbe eraelter-rcfinery alcme, couiiled with the 
sevcritj of the natural cnnditiona, would have made life there in¬ 
tolerable to tlie free-bom, and imposeible for Blavea. The welfare 
of the latter, however, would hardly have been taken into considera¬ 
tion. Tbe permanent population of Ezion-geber: Elath was iievHP 
large, numbering probably not more than two or three hundred. 
During tlie essentially seasonal industrial activity there, tlio popula¬ 
tion dgures must have increased coDsiderably with the importation 
of slave labor. While the officers and roercliaiita may have tented 
some dietonoe away &<im the furnaces and foundries, the slaves, 
however, upon whom the main burden of (he work fell, wcrti prob¬ 
ably oonlitied inside the Walled area. With them must have b^ a 
cfaanjfpng guard of n certain nuiulwr of stJIdiErs to control tliem and 
guard the aito. 

Not only did the BmeUer-tefiiiery continue in iise tliroughout the 
entite history of Ezion-gebcr:£lath, but the south and east rides of 
the industrial wjuniw were likewiee employed Ihrmighout the entire 
history of the rite. Tbe north and west rides of the industrial square 
were destroyed, when, at thn beginning of Period XT, a new series 
of fortification walls was put up around Ezion-geber, in port per¬ 
haps on tile line of former, fiulfliinOHt fortification walls which may 
have encircled the industrial square, and in part on entirely ditfeient 
lines. As a result of the new alinement of the fortification walls of 
Period 11, the smelter-refinery which still remained tbe moat import¬ 
ant building, was no longer iu the center of the site, but at its north¬ 
west comer. It Gouristed of twu lines of defensea. There was a very 
strong inner wall, strengthened by regular offsets along its outer 
side. It was further strengthened by a atrong glacis built, against it, 
with oorreapondiug offsets (pi. 4, fig. 1). About 3 meters beyond the 
base of the glacis was another fortification wall, nlKiiit 1 meter thick 
and 3 meteiw high. It, too, seems to have been further strengthened 
by a glagis built against it. It is probable that both this wall and 
the glacis against it had offsets corrvsjionding to those of the parallel 
irniET wall and gla^bs. Between the two vvalta ran u dry moat, the 
bottom of which was marked by a stomped-clay and mud-brick floor. 
At tliH comere of tbe majtrr wall were towers, which in each instaneo 
overlooked the slopes of its glacis. The smaller outer wall is much 
loss well preserved than the larger wall, but it seems probable tftat 
it too had similar towers, one at each comer. 

^niiMca, KfloOII, Enplamllnai 1 b Eutd-Tll Pataitioe, Adr. Amdr. SchiMli OriutlJ Om, 
vol. IS, pp. SS-M. 10M-3B. 
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On the south side near the southwest comer was found a monu¬ 
mental gateway, with three pairs of doors and two opposite sets of 
guardrooms between them, which will be described in more detail 
later (pL 5, fig, 1), The glagis of each of the outer fortification 
walls is broken off before arriring at the gate, so it is impossible to 
say exactly what the connection between them and the gate was. This 
double-walled fortification extended a considerable distance south 
and east, respectively, of the industrial square, built in the preceding 
period of Ezion-geber I. On the north side, and part of the west 
side, however, it cut through and in part was built over the line of 
rooms of this industrial square, with no attempt to make use of its 
rooms on these sides. The rooms of the industrial square on the 
other two sides were reused. The north half of the outermost 
glagis on the west side was built against the outermost west wall of 
the industrial square. It is interesting to note that die scheme of 
double-walled outer defenses with a dry moat between the walls, is 
known elsewhere in Transjordan. It is particularly clear at the 
Early Iron Age site of Khirbet el-Medeiyineh overlooking the Wadi 
Themed.^^ It is difficult to understand why the builders of this 
complex fortification scheme in Ezion-geber II did not extend the 
outer walls beyond the north and west sides of the industrial square 
as they had on the south and east sides. Indeed, on the north side, 
the larger of the two fortification walls was built partly over the 
north side of the smelter, and over the glacis built against the smelter 
on that side in the preceding period of Ezion-geber I. 

The main wall had been built so well and so regularly that it was 
possible, after parts of it had been exposed, to plot out its course 
and determine its exact line, where it had not been completely weath¬ 
ered away or destroyed, by merely trenching at intervals along its 
length. At the now preserved top of the wall, which is almost flush 
with the level of the desert, being covered with a layer of debris, the 
wall is from 2.5 to 3 meters thick. Its foundation courses go down 
below the soil from 75 centimeters to a meter, and in many places 
the lowest foundation course rests on a natural, hard-clay stratum. 
As the wall goes downward, it widens out, sometimes in three suc¬ 
cessive steps of two rows of bricks each, with the result that in some 
places the wall is almost 4 meters thick at its base. It is built of 
sun-dried brick, like the rest of the site, laid carefully in alternate 
rows of headers and stretchers, and must easily have been 8 meters 
high. There are strongly marked offsets along the sides of the walls, 
and particularly at the comers. 


^GaUlng. Ktirt. Bl&Ili^hes Eealleilkoii. P. 372. TQblueen 1937tn 
The other aide of the Jordao. P. H3. Aniar. Sohoole Oriental Eea /J, H^n. Lo ' 
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After the outer fortification wall had been discovered, the search 
began for the main gateway leading into the town. It was found 
near the southwest comer of the wall, on the south side, facing the 
sea. There were three gates in this entrance way, built at intervals 
one behind the other, the first two of which opened respectively into 
separate sets of guardrooms behind each gate, with one room on each 
side of the entrance passage (pL 5, fig* 2). Thus if the first gate were 
broken down, the enemy would enter a rectangular area formed by 
the two rectangular guardrooms facing each other on opposite sides 
of the entrance passage; and the same if the second gate were broken 
down. The third gate opened into the main street of the town, 
which made a sharp right-angle turn to the east. The third gate 
seems also to have led into a large open square, where the market 
place was undoubtedly located, and in a section of which the camels 
of visiting caravans may have been kept during the night time. The 
amazing thing about Ezion-geber II is that a place of such com¬ 
paratively small size should be surrounded by such a strong outer 
double fortification wall, with its three-doored gateway. The entire 
site, walls and all, covers an area no larger than approximately an 
acre and a half—about large enough for a villa with a good-sized 
garden in a modem suburb. 

The three-doored gateway of Ezion-geber II is to be directly re¬ 
lated to the south gate of the inner town of Carcemish, as well as to 
the west gate of the outer town of Carcemish.^ Evidence from Me- 
giddo has shown that the gateway regarded by Guy as belonging to 
stratum IV at Megiddo, and which he compared with the south gate 
at Carcemish^® may actually belong to stratum III, dated 780-650 
B. The plan of this gateway is closely related to that of Ezion- 
geber II, and it is probably based on an earlier plan contemporary 
with that of Ezion-geber IT . 

We consider it likely that when the nature of the Solomonic gate¬ 
way at Megiddo has been definitely established, it will be shown to 
be almost, if not completely identical with the gateway of Ezion- 
geber H, Lankester Harding has called my attention to the fact 
that there is a gateway at Lachish, which the excavators have as¬ 
signed to the tenth century B, C, and attributed to Solomon, which 
is almost a duplicate of the gateway at Ezion-geber H, and the com¬ 
parable ones at Carcenish, We think it likely that Solomon’s 


Wooley, C, Ueonard. and Lawrence, T* Cftrcemisli IL Tp, pt 12; im. 

Watzinger. Carl,. DenfcmHer PalKstLoas. 1. P. 55, 1933. 

^ Guy. P. L. 0.^ New light from Armageddon. Oriental Inat. Comm,, No, 9, pp, 25-27. 
44-48, 1931. 

a^Lamon, Bobert S., and Shipton. Geffrey M„ M^lddo I. Vniv, Oriental Inat. 

PobL, Yol. 42, pp, 74-75. 1939; Amer. Jonm. Arcbaeol,. voL 45, No. 2, pp. 289-290. 1941; 
Albright. W, Further light on the hiatory of Israel ftom Lachish and Megiddo, BoU, 
Amer. Schools Oriental Rea., No. 38, p. 25, De^mber 1937. 
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Ezion-geber was captured by Shishak’s forces during the same cam¬ 
paign which resulted in the destruction of many towns in Palestine, 
including Megiddo, shortly after Solomon’s death.” 

It is significant that the offsets of the new fortification walls and 
of each glacis of Period II are parallel to the offsets of the outer 
wall of the industrial square of Period I. Furthermore, the bricks 
of the glagis built against each of the fortification walls of Period 
II, were laid in the same diagonal, crisscross fashion as the bricks in 
the glacis built in Period I against the smelter-refinery. Were it not 
for the indubitable fact that part of this great fortification scheme 
of Period 11 in places cuts through and in other places is built over 
part of the rooms of the industrial square and the north side of the 
smelter-refinery with its glagis of Period I, it would be possible to 
say that they are all to be assi^ed to the same period, and to overlook 
the differences in types of bricks used in the various constructions. 
The close relationship in manner of construction betireen the later 
fortification walls and glagis and the earlier ones, makes it seem 
possible that the Period II fortification scheme replaced a similar 
earlier one. If this is so, then we may date all of Ezion-geber I to 
the tenth century B. C., to the time of Solomon, and then perhaps 
Ezion-geber II may be assigned to the ninth century B. C. More 
particularly, Period II may represent a reconstruction by Jehos- 
haphat of Judah, who reigned about 873^49 B. C. He was the one, 
it will be recalled, who made the abortive attempt to revive the sea 
trade between Ezion-geber and Arabia, which had flourished during 
the reign of Solomon. We are told that Jehoshaphat had a new fleet 
^f Tarshish ships built to sail to Ophir for gold. UTo sooner were 
they completed, however, than a gale blew them on the rocks several 
kilometers from Ezion-geber, where they foundered. The venture 
was thereupon abandoned. The v^ery attempt, however, must have 
meant that Ezion-geber received a new lease on life. Its defenses 
would have been restored, and its industrial activities renewed with 
^1 mtensity. Exports, such as ingots and objects of copper and 
iron, would have been made ready for the ships to cany to Arabia 
m return for the products obtainable there. After the destruction 
of his fleet, Jehoshaphat may have relied upon camel caravans for 
transport. 

The possibility exists also that Periods I and II represent early 
and late phases of building coinciding with the earlier and later 
parts of the reign of Solomon. Both would be the direct result of 
his great program of public works, which dotted Palestine with build¬ 
ings of aU kinds and Ezion-geber II would have continued in use 
dunng the reign of Jehoshaphat. We find it significant that at the 
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very end of the account in I Kings 9 of Solomon’s manifold building 
activities throughout Palestine, there is narrated in some detail the 
stoi 7 of the construction of a fleet of ships for him at Ezion-geber, 
which, manned by Phoenician sailors, sailed to Ophir for gold. For 
some reason or other, the author of this account failed to mention 
that Solomon exported copper and iron ingots and finished products 
on these ships in exchange for the gold and other products obtainable 
in Ophir. He also failed to mention that shortly befoi'e, or shortly 
after, or at the same time as the ships were being constructed, the 
port city and industrial town of Ezion geber was being built. After 
the time of Jehoshaphat, the name of Ezion-geber disappears from 
the Bible. It fell into the hands of the Edomites.^^ 


“During r«ign of Joram^ ttao son of Jehoshaphat, Edom ravoltod Judah 

and regained her complete independence (II Kings 8:20-22; jl Chron. 21:8-1UK In all 
probahllJty the ’Arabah and Ezion^geber reverted to Edomite control. In fact If there was 
n Juda^n garrlaoD at Eaion-geber, as seems Mkely, then In all probabllUy the town was 
leselged and sacked and the garrison put to the sword. In a word, the successful rebellion 
may well have resulted in a destruction of Ezion-geber shortly after the middle of the ninth 
century B- C. Once communications between Judah and Ezion-geber were cut as they 
must have been when Edom successfully shook off the Judaean coutTol which had been 
imposed upon her by DaTld, it would have been Impossible for the Judaean garrison to 
have resisted for long. For about half a century Edom retained her Independence, and 
Amazlah of Judah (c. 7&7-Ti0 B. C.) waged successful war 
against Edom and captured Sela‘, which he renamed Joktheel (II Kings 14: T j n Chren 
cap«ible son, Uzziah, rebum Elath and restored it to Judah (II Kiues 
Cbron. 26:1-^2), Ezion-geber Is no longer mentloued. and. so fur as the 
BSbUcal accounts are concerned. It bad, from the time of Joram of Judah (c. 849-842) on 
ceased to eilat- It plays no further role In the historical accounts, being passed over a^ 
completely henceforth as Elath had been previously. 

between the lines of the sutements In TI Kings 14 ■ 22 {II Chron 
26; 1-2) that Asariab (Uzziah) “rebuilt Elath and restored It to Judah.” It is clear that 
the cl^ that was lost when Edom first regained her independence from Joram of Jndah 
was Ezlou-geber. We are told, however, that it was not Ezion-geber but Elath which 
UzzJah restored to Judah. What then had happened to Ezion-geber during the ‘^venty- 
odd yeare that intervened between the time when Edom regained her independence from 
Joram of Judah and lost It again to Uzziah of Judah—figuring from the beginning of the 
reign of Joram to the beginning of the reign of TJzziah ? 

There are two possible eiplanations that suggest themselves. The first Is that Ezion- 
geber was utterly destroyed and left abandoned by the Edomites when they captured it 
from Joram s troops while they occupied the insignificant neighboring site to the east of 
It, called Elath. which had fallen to them at the same time as Ezion-geber. It was then 
this BMth which Dz^ bnlie or rebnUt (perhaps it, too, had been portly destroyed) \nd 
TMtored to Jndah, The question rises Immedlatelj, how could he restore Elath to Judah 
when, at least so far as we know, Elath had never been lost It being Ezion-geber that had 
passed out of Jndaean control? The alternative explanation is that when Ezion-geber was 
captured and destroyed by the Edomites in the time of Joram, It was abandoned for many 
years and there was no settlement of any moment at the head of the Gulf of »Agabah 
with the exception of the small, straggling site of Elath, This may have been nothing 
more than a tiny collection of mud-brick hoases somewhat to the east of it. Not being 
strong enough to develop into a sea power, Edom was not able to make out of Elath what 
Judah had created out of Ezion-geber. Actually Edom probably uo longer controlled the 
head of the Gulf of *Aqabah from the time of Amazlah on, having held It in what seems to 
have been little more than nominal control for about 50 years. Meanwhile Ezion-geber 
lay a sand-covered ruin, which differed lit tie in appearance from the sand hillocks in the 
vicinity. Even the name of Ezion-geber may no longer have been heard, because two full 
generations had passed by since it was destroyed. In the course Of time tt may graduallv 
have become identified with Elath—as belonging to Elath, When Uzziah came to the 
south end of the 'Arahah, he actually built on top of the former site of Ezion-geber, which 
had become Identified with Elath, The reasons that had Impelled Solomon and Jehosba- 
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Inasmuch m Ezion gcbor 1 is tbd vcity first settlement built upon 
the pi'eaent site of Ti!jl el-IDieleifehi with all its wall^ resting on 
virgin soil and no traces whatsoever of earlier buildings it become^^ 
necessary lo condude that thi® Ezion-geber I is not the Edon-g^r 
which the Israelites saw when they emerged from the Wilderness of 
Sinai after the fa:>joum there looting 40 years. The Ezion-geber they 
saw was prolmbly a tiny^ straggling site, with a few mnd-brick hute^ 
and a few scraggly pabns^ and must have been situated farther to 
the east, where the diinkmg water ia liisa saline, and the sandstorms 
blown by the strong winds down the center of the ^Arabah do not 
occur, AH traces of this earlier site of Ezion-geber have disappeoredi 
only itfl name surviving in the bustling town of Bzion-geber, first 
built probably by Solomon in tlie very path of the winds blowing 
down the center of the ’^Arabah, 

A most interesting grave was found, sunk portly into tlie floor 
level of the dry moat between the two oiiUir fortification walls of 
Period H on the north aide, a short distaiice removed from t!i* 
ameltcr-refinery (pL 4, fig, 2). It may poesibly be the grave of the 
man who- directed the construction of this elaborate system of fortifi* 
cationa^ and who died perhaps shortly after the walla were completed. 
Tlie top of the large mud-brick| mastabalilike grave was covered with 
a layer of granite boulders, noting over a mud^brick r^x>f. The 
grave had already been anciently disturbed, and whatever of intrinsic 
value it coritainwi stolen, probably by some one familiar with iU 
contents. An interesting amount of material still remained in the 
grave, however, when we ag&md it. It was found Lo contain a large 
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number of human, animal, and fish bones, most of which, unfor¬ 
tunately, had almost completely disintegrated. It soon became 
obvious that only one person had been buried there. Several frag¬ 
ments of the skull were recovered, as well as part of a lower jawbone, 
with several teeth stUl embedded in it. Careful sifting of the debris 
in the grave yielded 24 human teeth. With the dead person, probably 
a Tnan, were found the remains of a camel. It may well have been 
his favorite dhcSM^ his racing camel. Next to the skull fragments 
were two three-handled jars, the only ones of the type recovered in 
the excavations Inside one of them was a delicate little bowl, con¬ 
taining bones of a small bird, a small animal, and a fi^. The joints 
of the spine of a large fish could be seen in position. The last meal 
provided for the final journey of the buried man was a sumptuous 
one. A millstone, a mortar, and a fragment of a cosmetic palette 
were also found in the grave. This burial is the earliest one belong¬ 
ing to an historic period ever discovered in a controlled excavation 
in Transjordan. Trenches were nm in all directions from this one 
grave in an attempt to discover others, but in vain. It seems safe 
to assume, however, that there could not have been many burials as 
comparatively elaborate as the grave in the dry moat. The bricks 
in the rectangular grave were of the same size as those in the fortifi¬ 
cation walls of Period II. The walls of the grave were rather thin, 
having the thickness of only the width of a brick. The rectangular 
grave measured about 3 by 1.80 meters. 

Not only was it possible to trace the complete line of the fortifica¬ 
tions of this period, but part of the very brickyard was discovered, 
from which the bricks were taken for the building of the fortification 
walls. It is to be remembered that in Period II, the site was still 
more on the order of a large caravanserai than of a settlement proper. 
With the exception of the smelter-refinery, and the south and east 
sides of the industrial square which had escaped being destroyed or 
built over and were consequently reused in Period H, there was 
nothing else inside the enclosure formed by the fortification walls. 
There remained a great courtyard, in which the trading caravans 
may have rested at nighttime. 

At the southeast comer of this great compound were left long rows 
of rectangular bricks, of exactly the same size as those used in the 
construction of the fortification walls of Period XT. For the con¬ 
struction of these walls thousands upon thousands of sun-dried mud 
bricks were necessary. The areas inside and outside the proposed 
lines of the fortification walls were transformed into huge brickyards. 
Bricks were made and then laid out to dry in symmetrical rows, with 
spaces between each row and spaces between each brick to enable the 
rays of the sun to get at each brick from all directions. First the 
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bricks VfCrc luit] nqt uitd tlicn pJamhI on thoir sides. Ah ssoon us thee 
bad they tnora hixiiij^ht to the bricklayers^ who with great Hkill 

placed them in long nud intricate rows of headers and stretchers tilJ 
the wails of the desired thickness and height were obtained. When 
I he new fort ifiimt ions were linbdied, hundreds of Irricks still muained 
in position in the aoiilii^ comer of the compound, where they had 
been plneed to dry during tlie Inst stages nf mnstruction. In time, 
both Imfore end after the settlement nf Period 11 had linen destroyed. 
Hiey were covered with dabris nnd sand, and were compJ«teIy W 
sight of and forgoiteTi. In tlie following PeriiMl lU, new houses 
ivere hmlt oier the btirictl rows of briekH, which could Iiave been 
n^ in the construction of tlicso lining had their builders hut known 
of their Cxistenre- 

The lincks of Tell el-Khelcifeh were, on tlin whole, cxcccdinglv 
wel] made. (Imid clay, olitainable dii^tly on the dto, was used. It 
waa nnxetl with straw of a kind, perhaps jialmdrec fillers, which 
Hciyd as an excellent binding material. Usually, hi addition, char 
coal and fra^ents nf shells and bones were mixed in witJi the dav. 
in anci^l Egypt it was correctly thought to be the height of har<T 
ship to l)e compelliHl to make hrkks without lieing supplied with the 
necessary complement of straw. We read in Exodus 5:W ff.; 


Aeu on tl>a, day PJiarneh wtumaMinl rW ond tbrlr 

tiw. we riin maregUc Uie pwiiilestmw fOr tlieni»elr«si j aevmtie 

made, Dur aball yc reduce the anniber." 

Au idea of the excellence uf the ancient bricks found in Tell el 
'nieleifeh mil lie obtainiHl by e<,ni|Hiring them with the motlem, swn* 
dried bneks used m prcsent*day ‘Aqubuh. In April a teriliic 
nun and hail storm litomlly wash«l half of Urn mud-brkk village 
anay Afany of ilm mnd brkk walls simply dissolved. A few dav.-= 
ater, the natii’es began l» make new mud bricks and drieil them in 
the sun, preparalnrv to repairing the dHtnagc. Their bricks were 
“"y Wn*lhig materials whatsoever except lumps of 
dried tnnd from which the sand content had been moa, or less washe.l 

to pieces dur- 

g le first htovy ram. With f«ome trepidation we returned to the 
eM^vntioua after the i-ains were over to see wlmt damage Iiad been 
done lo (he exposed ancient Jiitid-hrick walls of Tell el-Kbeleifi-h. 
u e found upon our arrival that not only had they not suffensd at all. 
but tJiat even the unattached brkks of the ancient brickyard had not 
suffered the Hlight^Jiariu. It is not surprising, Ibercfoto, that the 
mud-brn:k walls of Esuon-geber: Elath, bnill more than 2,500 yearn 
agii, have survived m some instances almost intact, while tlm mud- 
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The settlement of Period III was built partly over and partly 
against the walls of Period II, and utilized the old line of fortifica¬ 
tion walls. The easiest way of distinguishing the settlement of 
Period III from that of Period II, at least in the southeast comer, is 
that its walls rest on the debris and sand covering the remaining lines 
of bricks of the brickyard of Period II. In several instances the 
foundations of the walls of Period III encountered and cut through 
some of the bricks of Period II, which had been placed on their sides 
in the second stage of drying. The builders of Period III must have 
thought that these were isolated bricks. Had they dug down less 
than a foot they would have found all the old bricks, and would 
undoubtedly have utilized tliem in their new buildings. In addition 
to making use of the smelter-refinery and the still existing rooms of 
the industrial square, the entire area of the rest of the site was filled 
with houses in Period III. For the first time in its history the place 
assumed the semblance of a real village, and not merely a large, 
fortified, industrial plant. Essentially, however, it remained an 
industrial settlement with obviously a large amount of industrial 
work carried on also in private homes. 

If the settlement of Period I is to be assigned to the tenth-ninth 
centuries B. C. and that of Period 11 to the same time or solely to 
the ninth century B. C., the settlement of Period III is to be assigned 
to the eighth century B. C. when it became known as Elath. It may 
have been constructed by Uzziah, who ruled from about T79 to 740 
B. C. 

The city of Period III. which is Elath I, functioned again as an 
industrial town of much the same nature as its predecessor. The 
gateway in the outer fortification system was altered, without any 
changes now apparent being made in the walls themselves, of which 
only the foundations remain. Some repairs or changes were probably 
effected in their superstructure. 

The main changes in the gateway, in addition to the fact that the 
fioor level was considerably raised, are that the entrances to the two 
pairs of guardrooms were blocked up, creating thus four small, 
squarish rooms behind the passageway, and an additional mud-brick 
pier was built on each side of the third gateway, narrowing the pas¬ 
sageway considerably. In other words, the general scheme of the 
gateway of Period II with three doore was adhered to, but the guard¬ 
rooms were transformed into casemates. A somewhat similar filling 
up of the guardrooms in the Megiddo gateway discussed above seems 
to have taken place. 

In a room belon^g to Period III was found a beautiful signet 
ring. The seal itself, enclosed in a copper casing, bad incised on it 
in retrograde, in the clearest possible ancient Hebrew characters, the 
following inscription: LTTM, meaning, “belonging to Jotham” (pi. 
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(J, %. 1), Below the iDscriptlon is n beautifully carved homed ratn, 
whi<A seetns to tw Sj-rian in style. In front of the ram seems to be 
the figure of a man. It caiiiua definitely be proved that the YTM «f 
lb© s^l h the vexy king Jotbam (c, 740^73fi B. C.) of Judah, whose 
domimoii included also Elatlt, b«t the likdjhood is a strung oijt‘. 
In all events, it is quita appropriate that during the period of Judaean 
control over Elath extending throughout the itdgns of tjaziah, 
Jotlism, and the beginning of the reign of Abaz, the Hebrew name 
of Jothom sliould be found, white during the Edomite rule of PeritMl 
1\, the Kdomite name of QnuEanal should occur, as wo shnll see (nl 
B,fig.2). 

After the settlement of Period HI had 1)eeri destroyed by a terrific 
conflagration, a wunpletely new industrial village was built over its 
tuint TliiB settlement of Period IV was Edomite. Its history can 
be divided into three clear BubperitHla. The history of Period IV. 
extended from about the end of iho eighth century B. C. to about 
the end of the sixth century B. C. nie new industrial village con- 
^m^cd^ llkg thufc of Period III, to use the ayeiem of fortiQcatEOiis 
llmt hati been erected in Period II. Industrial operations continued 
on a fairly extensive scale. It is to tbo first phase of Ptriod IV. 
which probably extended well down into the seventh century B. G, 
tliiit we now assign the jara (iiscovered in Llm previous season of 
excavations, stamped with a royal seal in ancient Hclirew-Edomite 
characters raadingi **Bebiiguig lo Qausanal, the .Sorvant uf the 
King.” It in thus now {lossible archeologicnlly tt» fix a dote for 
llie QaiisttOikl stal impressions which bariiicjfkizjes witli ihp one 
proposed for them by Albright on tlie basis of epigraphy abno. 
Qau«i,ial IS 0 typical Edomito name, the first part of which, Quas. 
15 the name of a welMmown Edomito and then Nabataean deity." 
It aeenis likely that tins Qausanal, who was probably an Edomitp, 
was the officer commanding the district of Elatli, and was the 
tepre^jiUtive (“servant”) of the Edomito king of the time. 

Belon^g to Period IV the fragments of a large jar, on two 
pioooa of which were incised the first oncient South Arabic lettore 
mer ^overed m a controlled excavation (pL 7, fig. 1), Rydmiaus 
consideia these lottcra to belong to the Minacan scrijiU" The 
Mm^ ^ reputed by Pliny to ba tlia oldest known commercial 
pwple in South Arabia, controlling the Incense Route and mono- 
EwlL:iiig the trade m mjTrh and frankmconse. It has been posaiblo 
sm«J^dji<covety of those fragments to put them together, and 
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thiia to restore most of the shape of the jar, which may well have 
been the container of precious products brought from as far as South 
Arabia. It may also possibly have belonged to a Minaean trade 
representative living in Elath. This discovery emphasizes the inti¬ 
mate commercial relationship between Ezion-geber: Elath and Arabia, 
and underlines anew the importance of Ezion-geber: Elath as a 
trade center and seaport, in addition to being an important industrial 
site. Miss Caton-Thompson and her colleagues have recently dis¬ 
covered some South Arabic inscriptions during the excavation of the 
temple at Hureidha, apparently first built in the fourth century 
B. C.®® They are similar in type to the Minaean characters found 
incised on the jar at Tell el-lQieleifeh, The Hureidha inscriptions 
thus again furnish an approximate date—less definite, to be sure, 
than that obtained from the excavations at Tell el-Kheleifeh—upon 
which the history of the South Arabic type of ancient Arabic writing 
can be pe gg ed. The distance between Ezion-geber and Hureidha is 
approximately 1,200 miles, and at least four centuries intervene 
between the South Arabic inscriptions found at the two sites. It be¬ 
gins to appear, however, that both places were set in one cultural 
pattern, and that Arabia continued into what is today called Trans¬ 
jordan, and thus in ancient times almost literally abutted the terri¬ 
tory of Israel. To this day, for instance, the “sltyscraper” houses 
of southern Arabia, described in recent books such as Freya Stark’s 
“Southern Gates of Arabia,” linger on in ruined form as far north 
as Ma*an in southern Transjordan. Ezion-geber: Elath and Hureidha 
are at opposite ends of the great Spice Boute. A site at the southern 
end of this great trade route, contemporary with Ezion-geber: Elath, 
is bound to be found. 

In addition to the sea and land trade with Arabia, evidence was 
discovered of trade with Egypt and Sinai. There were found such 
varied objects coming from Sinai or Egypt as carnelian, agate, ame¬ 
thyst, and crystal beads, cartouche-like seal impressions, a tiny, faience 
amulet head of the god Bes, a Bubastite cat (pi. T, fig. 2), fragments 
of alabaster cups and plates and buttons, and a part of a scaraboid 
bead. 

To a later phase of the Edomite settlement of Period IV belongs 
a small storeroom near the southeast end of the mound. In it were 
four beautiful jars, three of them as intact, with the exception of a 
crack in one of them, as when they left the potter’s wheel about 2,500 
years ago. One of the jars was partly broken. The mouth of this 
jar had been closed with a heavy stone stopper, and further sealed 

* Ckton-Thompfloot G., Geology and atcliaelogy of the Hadiiramatil; Setttbwest Arabia* 
Natnro, voL 142, No* 3586, ppi 133-142, Joly 23, IfiSS; A temple ia the Hadhramaut, Asia, 
May 1039* p. 229* 
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irith & cby covering, over which a lar^^ corrod fragment of pottery 
had been placed. The bcavy debris which had foUen on top of the 
)at3, when Period TV was destroyed, had roHiiUetl in the cracking of 
tile jar and the partial crushing of its top by the stone stopiMr. As 
a result, the (}hvitni8ly valuable eonteuts of the jar had eceped out 
or evaporated. Another one of these storage jara was fniind to be 
full of rtsin, as aw-eet smeUing today as It was two and half niiUpnnin 
ago. When this jar hail been removed from tlie ground and left 
for a while at a tilted angle in the sun, the resin begun to iiirft and 
flow over the mouth of tlie jar. It is a trial ter of speculadon for 
whnt purpose tliis store of resin tnay have been ijit£niJ«l in Elath. 
Some of the resin may have been used, for instance, in the iihip- 
huilding industry which flourtahwl at Esion-geber and its successor 
Llath. Mora of it wiw iiserl, in all probability, in connection wiih 
the stneltlng and refining and matAl.mnnufacturing activities carried 
on so intatiHively thera. 


The ^ttlemants of Period r\'’ were destroyed in turn, and a new 
industrial village wax built, with its walls, for the most part, on Unas 
antirely different from those of the previous iiiiaK, Not much of (he 
settlBuiant of Period V is left, but it had possibly two phases, Ite 
history lasted from about the and of tha siztli century or tha firut jiart 
of tha fifth century B, C. down to the fourth century B. C. To t hi<t 
last settlement of Period V belong numurnus sherds of (.Track potteiy 
tranuportcd from Athens to Gaza by ship and sent thon bv ramal 

tram to tliB north shore of the Hod Sea, and rccsporteii from tliero 
to Arabia. 

In these Greek jars ware contained wines and other products 
ship|>ad to EJath, and thence to Arabia, in return for tha incemw and 
8pic« and other worea obtainable there. Aramaic ostnma were foiimj 
m this level during the previous wason, belonging to the fifth-fourth 
rentuncs B. C., and thus in part contem^iorary with the Attic ivanw 
found with them. One of dm ostroco wufi a wine ret:eipt (pL 8. 
fig. X) Anrjthcr ostracoi, coosUteil of a fragment of an eiulith* 
^entli centuiy ^Hiking pot, with profiled rim and hnip handle. 

he ink inscription was tin tha insiila lairface of the sherd. It made 
a very wnycnient piece of writing material, because the scribe could 
gi^p the fiandle of the fragment of pottery, while he dipped his 
bmh into the v«g„table ink and brushed on the latter,, many of 
wh^ imes, unfortunately, are very faint. The inscription is Am- 
male and contenporary with the ostraca previously discovered, 
eepite the fart that the sherd itself balongs to an earlier age.** 
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The settlement of Period V was the last one to be built on the 
site. The next one was moved to Aila, near ^Aqabah* and owes its 
origin to the Nabataeans and its present repute to the Komans, who 
made it the end of the famous highway of Trajan. 

In one of the houses which may be assigned to Period IV was 
found a pottery plaque representing the pregnant Mother-Goddess, 
the goddess of fertility. It was made with conspicuous crndenessj 
and is startingly ugly. It must have been considered crude and ugly 
even when it was first fashioned. Why the potters of Ezion-geber: 
Elath chose to turn out figurines of deities in such ungracious forms, 
when at the same time some of the pottery they produced was of 
exquisite shape with beautiful decoration, is beyond comprehension. 
Was it the desire to reproduce something to which the crudity of the 
elemental was still attached? A figurine of equal ugliness, repre¬ 
senting the same type of fertility goddess, was found in another room. 
With it was found a tiny cup, in which incense may have been burned. 
It is reasonable to believe that at Ezion-geber; Elath—a junction of the 
great incense routes between Arabia and Egypt and Palestine and 
Syria—this commodity must have been comparatively cheap (pL 8, 
fig. 2), The favor of the gods must have been sought in clouds of 
sweet-smelling smoke. The piety of the people induced them also, 
when building a new house, to place some sort of a foundation offering 
under one of the walls. These offerings consisted at Elath of pots 
filled with fruits of the ground and fowl of the air and fish of the 
sea. In one instance a number of household utensils were carefully 
placed in a pot and the wall was then built over tliis foundation 
offering. 

All manner of copper and iron objects were discovered in the 
excavations. They included copper fishhooks, iron gaffheads with 
barbed points, copper arrowheads and spear points, fibulae, frag¬ 
ments of fine copper dishes and tools, iron hoes and knives (pis. 9,10, 
and 11, fig, 1). It seems likely that the coppersmiths of Ezion- 
geber: Elath, like their Egyptian contemporaries, possessed the secret 
of tempering copper to such a degree of hai‘dness that it could he 
used for tools and drills. For both fine and coarse work, however, 
stone hammers and drills were also used, in addition to metal tools. 
Fine quartz pebbles were found, obviously brought in from elsewhere, 
which had evidently been used, to judge from their abraded ends, as 
hammers to shape fine metal jewelry. Other hard stones of varying 
sizes and coarseness were notched and grooved, so that a forked 
handle could be tied to them with thongs (pi. 11, fig. 2) Similar 
stone hammers were commonly used, for instance, by the American 
Indians. Stone drills were also found in the excavations, almost 
exactly like those found among the North American Indians. Egj'p- 






478 awnttal HipoaT SMimeoxiAA' ins-titutioNj ipn 

dan diahr* and nlabostia, fascinating pntteir iRcense si^A, 

u qwflrt 2 , and shell beadfi. and 

finds?^ ^ ^ <=arTing were ojnone eoran of the other Email 

^ E.ian-gaber: Ehnl, has a flavor all 

without’ Ss- 

m^]’ fkl^ ‘ ^ P<Mn.tlios denl,n.tod o™iimenl»t!o„, In 

St' S Zf 7. '7“""' *“■" o' 0“”™- 

Arabia and Sinai *i the picture of Eastern PalcstiiiB, Korth 

an^irr 7 Edomites. Kenites, 

^ ^ imrthweEtern Arabia will nn- 

discoveries referred^ Jin tliis ari^ f®o«Sflry, m tho light of the 
connections betw™ “'^tide, showing again the intimate 

oT»f:Sir r ~— 

pUn.^ L.,|d™ 

lands, as ,n Some planes they already demand ^'7^ ‘ ^ 

will again course though their wasti^ ' ^ caravans 

“ ''■' '‘""K*!' o' 

of civilization, tmr whose ruina ?f tr transient phase 

“**'• ‘^™ “o'" 'i*' i';'prhXr”'nS: 





ShmeImriw Ebi|Hri. 


I 


f 



1. View of Tei-L el-Khei-cifeh. LoOk.i4^9 Northea^ before CkEsiMN^RO of 

EKCAVATIONS. 



Z . Lookinq 50UTHwest Over Mooerm villj*oeof 'Aqabah ano Over Noftth- 

WEST END OF GyLF OF 'AOABAH. 












t. EXpuplTkDN HOLF^ \hi 'Aq^SAH. 



FZtDN-GEBEn. 










H,rprtJT. [Hj, <Zkj«rh 


PLA-TTE 3 



1. Excavations AT Tell el-kn^eipeh lookimo west-Sou th west at Noittk- 
WEST End of Gulf of 'Aoaqak and at HilAtSof Sinai . 



2. REF! H EftV. E^^ON.GtPEft. 

Outer malb mil, qtu?wiii3^ cwn rvwn inf flan. 






fnflitlmuHjn KiipiNn. IHI.—CluKk 


PUATE 4 






i OrAT-v^rf mnn P^h* l^kr Itw-n ihju truUikf lhriLnr«<tep %iiK 

EzmM.G£:eEH. 



n 

|i? 




1, eNTpA^NCE COWIFLEX F«OM NORTH- 2- TSi-L El^KhELEIFEH. 

Looklui fOiLtb llmtvil] EuLm^Blhiiu ot tern wbovmj of EiJaap^kbor Tlv? ftTitfiurilliaoui Qti llw ilde of tbs Epti^wir^ W# itpiiid- 

(owaH Oiill Hi (wletn fljrm or tM n«.i«d Pt i^/Km lOOi^. 




SraikhiiiKin 194L duirh 


PlJLT« 6 



1r Seal siaHET hing of jothau. kii^ of Judah, and Impressldn of 

xroNON Seal 

liyMTljH inji ptifti LTTSL ''twipfliirlra tH> Jfiifttpi ” triHJctWJVtb ttw iiwurlpiicn ■ mnis wiili ■ miui (t3 

iluvdLpB EU biAt!. 



a TyPE Qt- FrwE JARS PF Tw1lM GREeNfcfiH SRAV WARF WITH OauSaNAL STAMPS 

ON THE HANDLES. 

i i^lATnr^ l> vIiEWp lit IN- tellBtB gf tbr bicidk of III* Mr I'fi Ih# btft 






RjiiMrC. JWf.—ClIiwLi 



PARTLY ReSTCjREO Jar W^TH MINAEAN IN 5 CRIPTIOM. Z. EgYPTIAW BgBABTLTE CAT AMULCt. EWLAROgD TIMES. 

2?rl 4|TLHIit7i I, 













mL-Glwsi 


Plate a 





!. AftAMAlCO STHACON FPfOM FtPTH CEMTUKT 0. C UZ^ELOF TELL CL KHELEii^EH 

IT Is A WINE Receipt, (full 



2> sevenufped Oil Saucer u^mp awp Pottery cfi^ser 

(AFtwosItoiietT cw Lhltd upfiil iiv.l 












FHAAMEhT OF GCll_Q ^AnniHg B»X»iZK CCOPPEFI^ 2. BnO^£: (COFFeP^J ARWWHEADS, LaNCE POINTS. AND 

FIBULAE. TOOLS AND iHDW LAMCC MEAP. KNIFE. AiNO HOOK IN BOT 

UPprorlimwif ™»hii r ..mrti .te.| Townow, firstthreeonthe left. 

<1 S piirniljMBib*!^ niw-hAif mqiunil fclai. I 





R«pdrl. F^L— 









3fT)j4l|iefuu Rrparl. 14|l * 


0 



Rf^. mi. C^MMtk 


PLATE 12 



1 MORTAfra AhD Mill^ of SI2C5 FOWO !H ONE ROOM: 



s arrif^ ihe OKEWim ih a hck>m to Fimd thl 5*4all£^t Ouects It Misht 

ODNT Aim, 













Smithionimn Report. IW|,—Glueck 




Large Jar Found in position sunk Into the Floor of the 2. Eight^handleq. Marked jar from Elath 

Room To Keep the Water It Contained coou 










IHI.-CkMEk 


PLATE M 



Aqaba H. LJ90KI^SB NORTHEAST/^T MOQEHM I^GWT, 








DEtTPHEKMENT OF THE LINGUISTIC POETION OF THE 
MAYA HIFJIOGLYPIIS * 


Bt BeHL u W0(Kr 


The Mftj* were tbA OEily fuUy lltar»U} people of the nbortginal 
American world. The buildings and monuments of atone that they 
loft are covered with their writingB—writings of which little has yet 
bean read except the dates with which they begin. Moreover^ they 
wrote many books and manuscripts, and tlirco such hooka of fairly 
lata period have been pieaerved. These are the fauioua three Mnya 
codices, and I propose, before tbs and of this paper, to read a vary 
brief extract from oTie of them, and to show', in a very plain and 
simple wiiy, what the Mayn writing system was like, and how its aigna 
were put together. 

Included in this writing aystem is a group of signs and conihina¬ 
tions of signs referring to a special kind of subject matter. These 
ore aigna denoting numerals, periods of time, and terms of the calen¬ 
dar, betwswi which mathematleal relations exist and the use of 
which coQsritutes a eystem of mathematicfi. The mathamalical ref¬ 
erences of these signs hate been determined from these mathematical 
relations that are observed to exist betweea tbcm, and thus we can 
read the dales and the positions of the solar-lunar calendar that are 
recorded at the beginning uf mont inscriptions. Eesides this mathe- 
maticol record, there is the purely linguisttc portion of the writings, 
between the parte of wMck we can observe grammatical or lingula 
relations, hut no mathematical relations. These purely linguistic 
portions ore those with which I shall deal. I sliall deal, moreover, 
with the writing in the codices, not that of tiie inscriptions, Ihou^ 
the inscripdonal writing is generally simiJar to that of the codices. 
It may surprise many to know that in the codices the nonmatho- 
matied, linguistic signs outnumber the mathematical ones by more 
than a hundred to one (not counting repetitiuna of the same 
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sign). So much for the belief that the Maya writings are mainly 
mathematical. 

When Champollion began the deciphennent of Egyptian writing, 
he was in tlie relatively fortunate position of not having to oppose 
an extensive body of established doctrine holding that the markiiigs 
were not writing but a nonlinguistic symbolism. To be sure there 
were the fantastic speculations of Athanasius Kircher^ concerned 
wholly with the religious and mystical symbolism which he read into 
the liieroglyphs, but these were upheld by none of the scholarly dis¬ 
ciplines and quickly went down before ChampoUion’s irrefutable 
logic. At that time the philologist and literary scholar reigned 
supreme iu the study of ancient culturea Champollion therefore 
had only to prove the linguistic logic of his results to pliilologists; 
he needed not to advocate his methods to archeologists, for there were 
none, except philologists. There was not then the speciali^d separa¬ 
tion of dia3iplmes which prevails now. At that time philology led 
the way, read inscriptions, and stimulated archeology. 

It is popularly supposed that the success of Champollion’s effort 
was wholly due to the discovery of the Rosetta Stone with its bi¬ 
lingual inscription, and that there is nothing corresponding to the 
Rosetta Stone in Maya hieroglyphs. Both suppositions are wrong, 
Champollion would have ultimately succeeded without a Rosetta 
Stone, for the inscriptions happened to be in a language that he knew. 
He knew Egyptian, that is Coptic, the late form of the language and 
still essentially the same tongue, which the ancient Egyptians spoke 
and wrote. Just so the Central American writings happen to be in 
a language that it is possible to know. They might have been in a 
dead language, and then the case would indeed be difficult, but for¬ 
tunately they are in Maya, which is still spoken and can be studied 
from many sources. But how do we know they are in Maya! This 
will be quite clear to a linguistic scholar, who appreciates that if 
texts in an unknown character are in a language that he knows, it is 
likely that he can detect that fact from the the nature and frequency 
of repeated collocations of signs. In addition, the meaning of vari¬ 
ous clusters of signs in the Maya system is known from tradition 
(e* g., the glyphs of the months) and others from pictures that 
accompany them in the codices. The hieroglyphs record a language 
in which the writings for a certain month and for sitting position 
begin with the same sign, which is the image of a feather. This 
condition is satisfied only by the Maya language, in which the roots 
of these particular words and the root of the word **featheri’ all begin 
with the same syllable. Again, it is a language in which the writings 
for snake, fish, and a certain time period all begin with the same 
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or with mutually interchangeable signs, a condition also satisfied by 
Maya. It is a language in which the writings for honeybee, earth, 
and the name of a day begin the same, in which “hold in the hand” 
and “nothing” begin the same, in which “spear” and “noose” begin 
with the same sign, which is also found in the clusters that mean 
jaguar, nine, and lunar month, and so on. The evidence mounts 
and becomes at last overwhelming. Not even Cholti or Tzeltal, the 
languages closest to Maya, can satisfy the requirements; only Maya 
can do so. 

There exists also a lesser equivalent of the Rosetta Stone, i. e., the 
preserved names of the ancient months and other calendar terms 
with the sign clusters for writing them, the ways of writing the 
numerals, the 27 characters recorded by Bishop Landa, the sign 
clusters for the cardinal directions, the colors, quite a number of 
animals, and various gods—a collection of odd bits that, when gath¬ 
ered together, make a not inconsiderable total. Finally there are 
many texts in the codices in which the meaning is almost as plain 
as though a translation ran beside it, because of the detailed pic¬ 
tures that run parallel with the text and illustrate it. Thus we really 
do have a Maya Rosetta Stone, as well as a knowledge of the lan¬ 
guage of the texts, so that, ^ven linguistic scholarship like that of 
Champollion, it is perfectly feasible to decipher and translate some 
of the texts now, and eventually all of them. 

But, on the other hand, the linguistic decipherer today has to con¬ 
tend with the chasm that now exists between American archeology 
and philology. The philological viewpoint, with its scholarly in¬ 
terest in texts simply as texts, has become rather strange and incom¬ 
prehensible to modern American archeology, with its high develop¬ 
ment, along the scientific side, of the logical correlating of strictly 
material evidence, the while its popular side and its financing is 
largely connected with the esthetic interest, and with the interest 
that attaches to concrete human subject matter, particularly that of 
an exotic kind. Now the linguistic and phUolo^cal interest is to 
be distinguished both from the materially and physically scientific 
interest and from the estheticohuman one; for while it is not en¬ 
tirely divorced from either, and it cannot live in a vacuum, yet it 
finds its main concern upon a different level, a level of its own. 
The linguistic scholar is interested in a text as the monument of a 
language arrested and preserved at a certain point of time. He is 
not primarily interested in the subject matter of the text, either as 
history, folklore, religion, astronomy, or whatnot, but in its lin¬ 
guistic form, which to him is the supreme interest of interests. From 
this procee(^ his type of objectivity, an earnest that his reading 
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will not be affected by theories concerned with the content of the 
writings He pots aside content to concentrate on linguistic form. 
He aims to reconstruct the language as it actually was, with its con¬ 
sonants and vowels in their actual places in words, its paradigms of 
declension and conjugation and its patterns of syntax, thereby add¬ 
ing a new body of facts to the whole domain of linguistic taxonomy* 
A byproduct of his research is the reading of history and culture, 
but it may be questioned if his discovery of strictly linguistic fact 
in a time perspective is not the more important. The decipherment 
of Hittite has proved to be far more important for the light it has 
thrown on the development of the Indo-European languages than 
for all the accounts of Hittite reigns and conquests. The battles 
and politics of the Hittites are as dead as a nail in Hector’s coffin, 
but their verb forms and pronouns and common words are matters 
of live interest in American universities at this moment, since the 
accurate facts of the Hittite language revealed by careful decipher¬ 
ment are completely revolutionizing our concepts of Indo-European 
linguistics. This authoritative knowledge of Hittite could not have 
come about if the deciphering scholars had not been linguists who 
had slowly and carefully ascertained, by scholarly methods, with pro¬ 
found respect for the text as a text, the exact words and grammar, 
conceiving this as their paramount duty. It could not have come 
about if they had conceived their duty as that of reading off a 
sweeping survey of Hittite history and culture, or even as one of 
clothing the dry bones of archeology with the flesh of human nar¬ 
rative, important as these things are. 

The desiderata for Maya decipherment are no different, Reading 
Maya texts must be a slow, careful investigation of linguistic forms, 
regardless of the interest or lack of interest of their subject matter. 
W© must not conceive it our task to read off sweepingly the Maya 
literature for the sake of the information on history, culture, re¬ 
ligion, or whatever else may be contained in it. The annals of this 
subject are cumbered by such attempts to read off or ‘^interpret” tlie 
whole corpus of the Maya codices at one fell swoop, from Brasseur 
de Bourbourg to one very recent such an attempt. Such amusements 
proceed from a longing for glamour and quick results, misconceiv¬ 
ing what is the most valuable thing to be obtained from the results. 
On the other hand much of the work of Cyrus Thomas, and various 
bits of linguistic data pointed out by Morley and others have been 
at least in the right direction—they seem to have understood what 
tile problem really is* 

The Maya writing system was a complex but very natural way— 
natural to minds just beginning to exploit the idea of fixing lan¬ 
guage in visual symbols—of using small picturelike signs to represent 
the sounds of fractions of utterances (usually of a syllable or less in 
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extent), combining these signs so that the combined fractions of 
utterance outlined the total utterance of a word or a sentence. Past 
study of this system has been considerably retarded by needless and 
sterile logomachy over whether the system, or whether any particular 
sign, should be called phonetic or ideographic. From a configura- 
tive linguistic standpoint there is no difference. “Ideopaphic” is 
an example of the so-called mentalistic terminology, which tells us 
nothing from a linguistic point of view. No kind of iivriting, no 
matter how crude or primitive, symbolizes ideas divorced from 
linguistic forms of expression. A symbol when standing alone may 
symbolize a “pure idea,” but in order to represent an idea as one 
in a definite sequence of ideas it must become the symbol for a 
linguistic form or some fraction of a linguistic form. All writing 
systems, including the Chinese, symbolize simply linguistic utter¬ 
ances. As soon as enough symbols for utterances have been assem¬ 
bled to correspond uniquely to a plainly meaningful sequence (phrase 
or sentence, e. g.) in the language being written, that assembly of 
signs will inevitably convey the meaning of that linguistic sequence to 
the reader native to tliat language, no matter what each sign may 
symbolize in isolation. Meaning enters into writing, writing of any 
kind, only in this way, and in no other. The meaning of any linear 
or temporal succession of symbols is not the sum of any symbolisms 
or denotations that the symbols may have in isolation, but is the 
meaning of the total linguistic form which that succession suggests. 
Hence the fact that some individual signs look like pictures of the 
things or ideas denoted by the words of the utterance plays no real 
part in the reading; those signs are just as much symbolic, learned, 
and at bottom arbitrary signs for fractions of utterance as any other 
characters or letters. On the other hand, resemblance to an object 
or picture may be really important in decipherment, as a clue to 
how the sign came to be invented, to the logic of its original use, 
and hence to the fraction of utterance, i. e., sound, which answers to 
it in reading—a clue to be tested by how well that proposed fi’aetion, 
or sound, fits into each proposed reading. 

Figure 1 shows 23 symbols selected out of the several hundreds 
found in the whole Maya literature. These particular ones have 
been chosen because they enter into the written words and the codex 
sentence used as examples of decipherment in this paper. The frac¬ 
tions of utterance to which these signs regularly correspond have 
been identified bv comparative evidence—running hack ultimately to 
that body of evidence which I have called the Maya Rosetta Stone. 
Signs 1, 2, 3, T, 8, 12, 17, 22, are also given by Landa with the same 
values (1, 7, 12, 17 being slightly altered in form) in his book 
“Relaci6n de las Cosas de Yucatan,” a first-hand account of the Maya 
shortly after the Conquest. The left-hand column shows in alpha- 
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sealed in its envelope, or like No. 6.* The nipple (im) sign for i 
appears in the codices usually with three nipples, which leads me to 
think that the teats of a deer or other animal may have been one of 
the original forms; sometimes it appears with two; Landa shows it 
with two, and the sign of the day Ik may be based on an original 
human breast form with only one. No. 8 probably represents a 
an earthen, basketry, or wooden pan, tray, or low flat tub, often 
boat-shaped ; it was also called a cem or boat (see Motul, chem Mml 
ppo and chem cJie)^ and conversely a boat may have been called a 
kat^ The comblike lines may be the conventionalization of a fluted 
rim or of projecting basketry withes, or may represent people in a 
hat in the meaning boat. No. 10 is an example of the many perspec¬ 
tive drawings found in both Maya art and the writing ^jTnbols—a 
rounded, flattened pot, basket, or calabash with a a tied-on or 
clasped lid or cover. The Maya, as is well known, drew in per¬ 
spective from very early times. No. 11 is a feather or 

plume, and in this word h^um was probably felt to be the true initial 
form of the stem and a reduplication, which may not have been 
historically the case, but which would be felt analogically in a 
language like Maya in which initial reduplication is a derivational 
process in wide use. Nothing as yet is postulated as to the object 
source of 16, a profile head with a sort of parrotlike beak; a sugges¬ 
tion here would be the parrotlike bird called rnoainf or The 

sign corresponds to the consonantal sequence Win, with any or no 
vowel intervening, and as a day sign denotes the day Mem No. 23 
looks very much like a form of No. 1, but it is always upright and 
placed in front of a sign cluster with its concave side toward the 
cluster, while No. 1 is not placed in front of a cluster and is usually 
horizontal. No. 23 corresponds to initial 'Zi of a word or to u as a 
separate word or as a prefix. 


may be ^ferred from this, I rejjard tbe pr^vloua theories about what Ho. 8 fepre- 
^nts, one of which calls it a kernel of maize (to which it has no resemblance), as fanctfol 
ibe fact that in aome Maya picturee com plants may sprout from characters of wrlUnfi. 

It aecondaiT eymboUsm, 

not the orl^al logic from which the character arose. All this elaborate secondary sym- 
oliam, ^rha^ reUgloua and magical In large degree, has nothing whatever to do with 
the reading of the eharaotera In their capacity of symbols of writing, any more than the 
^abomte symbolism and ntuaerology that grew np around the Hebrew letters In rabbinical 
Uadltlon affecte the reading of the Hebrew texts by one Jot TMs secondary symbolism 
ay eyentually become a matter of philological Eterary study, wherein it will very likely 
prove Im^rtant At present, and from a Engnistic standpoint, clearing away all this sort 
of Bymbollsm Is essential to understandinff the proper symbolism and function of the Maya 
slg^ m wri^g. The use of No, 6 to denote the day Kan is a writing of the original namo 
^ Hu—1. e,. lizard, igtiana (cf. Axtec Cuetapalln. lizard, for the same day). AU 

the orlgioM names of the days, except for Ik. Clml. Caban, and perhaps Manik. Cauac. and 
became changed under the Maya culture subseauentiy to the 
writing system. Some of the days continued to be represented by the 
ini^ letter or character of their original names, much as we write for '‘Ubra " but 
Mad It ^und. The voluminous speculations of Seler concerning the day symbols are to 
^teken with a great deal of caution. If they are not indeed stumbling blocks of the worst 
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Figure 2 ehows the \iTithig oi six words occurring in tJi* codices/ 
niB kgn dusters or g^hs of various ammols, originally determined 
by So he llbna from their ooncutrtaioe with pictures, have long been 
known/ No. 1 is dted by Scbellhaa as the glyph meaning snake. 
It will be noted that it consists of No. 8 of figure 1, Ash 
n, and a third symbol. This third ^bol and the iguana figure in 
the next glyph of figure 2 ore the only symbols cited in this paper 
which ore not found in figure L The first two symbols spell kan, 
which is the Maya word for snake. The third symbol is probably 



derived from a picture of a rattlesnako^s rattles, intended t« evoke 
the linguisdc response “anokc,’* i. e., Aon, and has itself the volue kan. 
However, it is apparently insuflicient by itself to write the word kan* 
Tt was not unusual in the Maya system to write a word of one syllable 
simply by one sign having the value of that ^liable, probably bC’' 
cause tbst sign often was polyphonic, having other values,^ Instead, 
the Maya method wos to suggest the syllable by a combination of 
signs thot was probably, to Maya speakers acquaint^ with the in¬ 
ventions of the writing, unambiguous. This combmation of signs 


>ls nBiiuhlllitife tesw brJatip lbs ennuil nKfUus of 0“ Amertcin 
etl AMOdAtloa 01 WtlbfnKtiin, D. C_ IP DMimlwr ItM, MtltkS ^ 
dpbcrnwpt nf V^-SIm Utjw. WriUm Wonlj.“ 1 oacWbJteS « wwtl.wHtfav* tlallatlT 

iintly*«dip toAlddbig A# ukd JhinAw df pf«eat ffi*. 

•PwOl ikbclilitl, MmriicHtHtfxi aer MajmH^nttitclkrlft^, ISSrl- 
























488 ANNUAL HEPOET SMITHSONIAN INSTTrUTION, 1941 

could be made according to two principles: (1) synthetically^ build¬ 
ing the syllable from signs to be understood as fractions of the sylla- 
ble, which together made the whole syllable; (2) by repeated affixa¬ 
tion, that is, by combining, in the sense of repeating, different ways 
of denoting the whole pliable- A word of one syllable, or often a 
syllable within a longer word, could be written by either method, 
or by both together, as in the case of this writing of the word kan. 
The signs ka and n build the word syntheticaDy, the sign kmi repeats 
it; we have double writing, but only single reading. It is as if the 
writing said ^^y first is ka^ my second is n, my whole is one of the 
values of the snake-rattle sign, and so must be kan^ The combina¬ 
tion is, by sum of all its parts, ka-n-kan^ but we may use the con¬ 
vention of transliteration to show that the final kan is a 

doubling in the writing only, not in the reading. 

No. 2, figure 2, is the sign cluster meaning iguana, or large lizard, 
a meaning which is quite obvious since it accompanies plain pictures 
of that animal, besides containing such a picture itself. But this 
one picturelike sign, no matter how much it may look like the animal, 
is not sufficient by itself to write the word meaning iguana. The 
Maya system, as already noted, requires combination with at least 
one other sign before we can have a unit of writing, capable of 
standing alone. The exceptions to this rule form a very restricted 
list indeed, the most important ones being the 20-day signs, which 
are single elements enlarged to the size of a full cluster and capable 
of standing alone. The month glyphs and calendric and math¬ 
ematical glyphs in general conform quite to the rule, being clnsters 
of signs. No. 2 writes the one-syllable word hu “iguana^’ entirely 
by the method of repeated affirmation, using the ordinary sign for 
A-u, No. 6 of figure 1, topped by an iguana figure, which of course 
has the linguistic value of the animal’s name. Here the formula 
which we use in transliterating is hur-hu^ to be read or pronounced, 
of course, as 

No. 3 writes the word ky/mhu^ the name of a Maya month, entirely 
by the synthetic method. It is the well-known glyph of this month 
Cumhu as found in the codices. It uses the feather sign kum^ No. 11 
of figure 1, plus hu^ No. 6, so we transliterate kwmr-ku. Some other 
words of the codices using the sign hum^ No. 11 of figure 1, are 
kuTTuik, the stem ^^sit” with transitive suffix meaning ‘‘seats^’ or "car¬ 
ries seated,” and huma^^ another word meaning snake (cf. Quiche 
huma^ "snake ’), Although we are still somewhat in doubt as to the 
values of the vowels in these words, the general phonetic contour is 
interestingly confirmed by the fact that the codices write hwmAih 
not only as kurrh^na (with 11 and 15) but also write it as kw-m-a, 
while Landa cites a way of writing the month Cumhu which is the 
cluster of kw-7n-hw; in both of which writings kw and m are signs 
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not included in figure 1 (but confirmed by other evidence) while a 
is 1 and kw is 5 of figure 1, 

No. 4 of figure 2 occurs in tests of the Codex Tro-Cortesianus 
dealing with hunting and illustrated with hunting pictures* It is 
obviously a sign cluster or word referring to animals killed by 
spears or arrows, and the commentary in the Villacorta edition * of 
the Tro-Cortesianus calls it “signo de caceria por medio de flecha y 
lanza.’^ It is a writing composed synthetically with doubling of 
one subsyllabic sign* At the top is the cup-and-loop sign lo^ No, 
14 of figure 1, written within the outlines of No* 15, which is 

doubled, the lower member of the doubled pair enclosing the tail sign 
n, No* 17 of figure 1. When we find doubled a sign which according 
to the total set-up is probably to be interpreted as a syllabic con¬ 
firmed by a subsyllabic, may transliterate without using the con¬ 
vention of writing a superscript, using instead a convention that 
permits of possible interpretation as a long consonant or vowel, e, g., 
in this case not ma’-ma but m-Tna. No, 4 is then transliterated 
lu-m-Tna-n or lo- 77 h-ma-^^ which is a word meaning exactly what the 
accompaniment of pictured scenes tells us. It is the passive par¬ 
ticipial inflection in -an of the stem lom^ which means a spearing 
or stabbing thrust or blow, and by extension a spear, while with the 
verbal inflection it denotes the occurrence of a spearing action. The 
Motul dictionary gives Homi tiro de lanza, o dardo, y cosas assi, 
y estocada, o punalada,” This stem with the transitive verbal in¬ 
flection is given by the Motul as oh : fisgar, o harponear, dar 

estocada o punalada, alancear y aguijonear,” this citation being fol¬ 
lowed by that of the passive participial form, ^lomani cosa que esta 
assi fisgada.” Hence this word lormm written in the hieroglyphs of 
the Maya text means speared, stabbed; pierced, wounded or killed 
by a spear, arrow, etc. 

No, 5 of figure 2 is synthetic with doubling of the inherent vowel 
of one sign. It is common in the hunting section of the Codex Tro- 
Cortesianus, and is obviously the word denoting catching of animals 
by a noose or lasso, or in a noose snare^—a trap consisting of a noose 
set to spring by a stretched rope triggered and attached to a small 
bent-down tree so that when the animal steps in the noose and 
releases the trigger the tree springs back, drawing the slipknot of the 
noose and catching the animal. The glyph or sign cluster No, 5 
accompanies pictures of this operation, e. g,, Tro-Cortesianus 42c* 
Villacorta calls it “signo de caceria por trampa,’^ It consists of tie 
double loop or knot sign Z, No. 13 of figure 1, and the dot sign 
No, 3 of figure 1, and is to be transliterated le-e and read U “loop, 
noose, slipknot, noose trap or snare,” Motul “Ze: lazo para cazar y 

TX Antonio Villacorta C. and Carlos A. Villacorta, Cfidices Mayas, pnbllshsd in 
Arqueologfa Ouatemalteca, 1032. 



490 ANNITAL REPOBT SMITHSONIAK INSTITUTION, 1941 


pescar, y pescar con lazo,’^ witJi the verbal inflection, e, g,, Uah mean¬ 
ing catch or trap with noose snare, for which the Motul gives the 
participial Heani cosa enla^ada o cogida en lazo.’^ Here again we 
see the principle that a sign is inadequate by itself, in that No. 13, 
though itself derived from the picture of a dipknot or noose fe and 
denoting the sound fraction 2^, is not sufficient alone to write the 
monosyllabic word having this sound, i, e., le *^noose,” but is subject 
to the rule that a sign must be combined with another and cannot 
stand alone. Here it has its inherent vowel reaffirmed by attachment 
of the sig^i €- Hence there is a mixture of the synthetic and the 
repeated affirmation principles in sign clusters or glyphs of tliis type. 
We also find the verbally inflected form leaK “catch with noose,” 
written le-e-a^ with No, 1 of figure 1 for a. Cyrus Thomas correctly 
analyzed the le-e cluster, I believe, though I worked it out without 
referring to his work. A number of Thomas’s readings are undoubt¬ 
edly correct. 

In No. 6, figure 2, we have one of the polysynthetic words common 
in Maya, in which two stems are compounded and suffixes attached. 
It is illustrated in Tro-Cortesianus, page 46, by three pictures show¬ 
ing vividly in successive stages of action a deer caught and jerked 
upward by the spring of the bent tree to which the noose of the trap 
is attached. It is written le-e-stn-a (or -aA), with signs 12, 3,19, and 
1 of figure 1, and is to be read lesw/ih. This word is typical of a 
common kind of Maya compound, consisting of two stems with the 
verbal inflection suffixed after the second. The stems are already 
defined, and sin “stretch or string tightly (as cloth, hides, or cords 
are stretched on a frame), draw taut, string with stretched cords, 
string up, string or rig a noose trap or the like to spring when 
released, etc.” The Motul gives “sfm (i. e., sin ); estender pafios o 
cueros y colgar estendiendo o tender desarnigandoj armar lazosj 
armar arco o ballesta,” Such a compound usually has the following 
type of meaning: designating the two stems as X and T, a compound 
X-Y-flA Or X-® means do X by means of Y, transitively, or to 
an object. Thus, since le-ah means catch in a noose, we can foim 
freely words such as le-h^ab-ah (or more modem le-h^ab-t-ah) “catch 
in a noose by action of the hand” {¥db “hand”), le-h^as-ah “catch in 
a noose by a tying action,” and so on. Our word le-sin-ah then 
means catch in a noose by the action sin or catch in a noose by tight 
stretching, catch by the spring of a tautly strung noose trap.® 


■ lorm with the suffix -t- before the ftifflx -ah Is the common form In Maya of the Motul 
dictionary for binary componDda of this type, 

•We find In the co^ces other compounds of this type, lududlug some others with 
as sewnd member; thm In the Tro-Corte«lanus (e. g., 41a) the plctnre of a deer trussed up 
In a buudl^legs folded up, with cords lashed around It, Is accompanied by the sign duster 
ma-siu-a (with Lauda"* ma sign), to be read proMbly mussinah, assluillatcd from moiHna* 
compound of stems mtfd and s(u), meaning clasp together (like a daaped fist) hy pulling 
and tenHlon, by tl^t strlBgtng, by tightly drawn cords 
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FtoTJBZ 3.—Page 88 of tlie Codes TroO)rteBlaiius, 
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Nowt ha^inpf noted the rcnditif:: of n few individual word:^ let uh 
ruHd a. ght»rt neutenf^ 'wTitteii in Mayn hi«rng1y|>li6. Fi^ro St ahuwg 
page 38 of the Codex TrcKCortesaonus. and the sentence thereon to 
be cxmninpd in partimhir ia that, maile by the four sign clusters or 
glyphs over the second seated figure in section b« tlia middle of the 
three horixontnl divisions of the pngs?. Figure 4 shows this ^aotenev 
written on one line, analyzed, tramrliterated, and translated. As ran 
easily be observed from figure 3, the texts which comment r»ii the 
pictures, or to put it tlie other way, which are illustrated by tlie 
pictures, ara phirod over the pictures Tvacling from right to left 
across tiic width of tlic picture and then on the line below similnrly; 
or tliey run vertically dowtiwitrr) iti the irnKCK where then* is no pic¬ 
ture- This order is easily demonstrated from the parallcUsm of tlic 
writing j ive have hen* plainly a re^xititinn nf very eimilnr short sen- 
tences or clauses, Tlius, if we give s letter to each cluster or glyph 
which is the same, the iniiidle-wotion (ext over the first or left-haud 
jiicture runs A-B, and then on the line below C-D, nest to the right 
running straight downward we have A-'B-'K—F, then over the next 
picture A-B-C-D again, then downward again A-B-G-IL The 
texts of the top and btjttoin sectiotis i?an be seen to run in the nunic 
iitanner, which indeed is general throughout the codices. The tesLj 
would seem to be in a atyle wbteb is cO'minrm entnigb in aboriginal 
American songs, chanto, and ceremonies: ^ts of phrases containing 
a constant element rejieuteil Qiningbnui n set, os when each line of 
a song stanxa begins the some way bit then introduces a certain dif¬ 
ference. Thus the text whirl i we have just examined consist h of 
liiieK each beginning A-B and then becoming different. Navaho 
chants arc of course ty'pical cases of thiK sort of thing, Tn the top 
seclion, dealing, hh I he pictures show, with hunting by means of the 
spear, each clause begins with the word Joman. “spie.ired” that we 
have already studied, We shall not however pause to analyze this 
top section in detail, docc the limits of this paiier do not allow it. 

The middle and iHittum m’tions are very similai: to each other, 
though not identical, and deal with drilling, os t^att he hhui fnim the 
pictures, 'fhe pictures of tlm middln section show the using of the 
drill to make fire, i.hR buLtnm set show the drilling of an object whiidt 
atipears to be a stone. Each clause in each setaion I>eginH with the 
word for drilling or drill, as is eviilent not only from compariiwin 
with these pictures, bit also from one of the other Mjiya hooks, the 
Dresden Codex, in which tliu same sign cluster accompanies pictures 
of drilling. Tliis cluster, A. occupies first position, which is the 
regular position of the ptedicating woni of a clause m Maya of the 
sixteenth eentuiy (if not aluo tmlay) as riiown by the hundreds of 
aliorl, aimpifl sentences in the Hotul dictionary. Tins prenlii-ator 
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Ii€ed nut Iw a funiial Verb in Mavfl granmiur (LliougU it ilK«t often 
is), but it is what rui reHiJuuds to the prcdicnte in hii English imtur- 
lation. Tli« liiial tw® words of each rlaiiSH, O, D, * * * etc., 
arc the well-known iiaruu glj'pfas of the Maya gnde. They are th« 
names of tlu; petfiODS shown in the pUtiurcii, ok has long been known, 
and consequently ih«y are undoubtedly the grammatical 1 Hubjects of 
tlie clauses. The second cluster of each clause may be called in 
the middle sect ion, B, in the bottom section, to indicate that it is the 
a ynia Ihivnighftttt ettch ffictiou blit iliffarfi between the two sections. 


rX^ ’Si fjs SS 

lilli 




atw- f^gvjl H' 

tnnjUhr^tUn h-J-e-sa v-to'kak 




Ka - Kcjw 


haicsoh U tok'katc ISotnno ka ahaw 
frpnslaticm fCeUTS? hxl HpS buTniTig-fir* ItlaTHTWl OiilT lord . 

di^i J'11 Ti^ J 





J^axez^H u taoc kah ItzaniTia ca ahdLi 


ua^ubi/laT> 

the 

te^t 


stvTtisi fiai *^t€ilwdTiir o 

o^ujijrcfl'r tolcd’T^TTdt?' 
hdj T»C*ftdeT“ luinbrc 

■FiTfltdTtdo U71 polo coti ctrg* 
tok 'buT-n* ^e^ifFucir* 

'f iVe^ * luwbr^tt 

i^Oth\ia TiA>Fib a4^ it 

stlcLW Har'd ^ sefTor^ 

y ka. ^auir^ '^dS'^ cowj^itive 

-ah t’Fpnsjtive, rnn-fu-turt 


FiimKE 4,—it SInyii ihjiileiiqe Utkeu S8 fodQJt Ttq- 


By eluniiiAtion rmd by po&iti™ after tlie predientor it should indicate 
the grammatical object and/or remit of the verb action, which agitscs 
with the f^t that the drilling in pictunal with different objeels and 
reoitlts in thw two sections. Thus wo have, us a first schematisation: 


A, pretfkutDr «r verb (drilling) 

Bi. n». objKt aad/«r iwnlt (Are, sjonej 

t’, D, • * • etc., vutfect i nflirn?* of gnid* or permuaK} 

Figure 1 is a detailed eiE^iOidtion of the sentence over the second 
picture of the middle Hwtion, which ^owb the Boman-nosed god of 
the codices, or god D, making fire with a drill. The top Hue hi u 
copy of the teat, arrange from left to right on one line, instead of 
on two lines as in the original. Tills line, like the original text, is 
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in glypliii; script, the form of writing used in tbe codiccu. It dosely 
resembles the monumental glyphic style of the stone mscriptiona, but 
is lees ornate and Ime more rounded outlines. In both these styles 
the signs in a cluster are gathered into a tight bunch or cHrtouche^ in 
which they are grouped in two dimonKona and there m only a vestige 
of linear order in that Uia front or extreme left-hand part of a cluster 
never stands for the lost part of a word and aunilarly for the rear 
or right-hand imrt, which never stands for the beginniog of a word. 
The signs in a cluster are usually in euntact and often fused toguthcr 
or enveloped in the same flowing outline^ they may be attoebi^ to 
the top or bottom of a central sign or they may be one within an¬ 
other, i, e., one sign may aarve as the frame or ground of another. 
In short, the putting together of sigita k more like thnt of a heraldic 
device than like our kind of writingj^ But the reading of the signs 
is exactly ae if they were written in linear order, although thb order 
must be kamed separately for each glyph and hence requires a 
separata and often prolonged study of eiicli by the decipherer, 

Tho second line from the top in figuro 4 shows the signs which 
compose each cluster regrouped in ono-dimenrional linear order. 
Such on arrangement I caU open tronseription or linear script, and 
thera in some oridenco that tlie Maya actually used such a fonn of 
script, though not in the inscriptions or in the oodicos that happen to 
have beon preserved. Lancia cites instances of the uiterancos ^ma in 
and written by a native in formant in this manner,'^ 

tho Signs delineated consecutively from left to right and either close 
together or actually touching. It seeina not unlikely that such a 
linear script may hove been uoed by the later Maya for ooiivenicnco 
in ordinary purimses, as the Egyptians iif$ed demotic, while the 
glyphic script would have been regarded os mors hieratic and orao- 
mental and used for important books, priestly writingg, and inscrip¬ 
tions. Eg that OS it may, conversion of a passage of glyphk into 
open transcription ia a device which is often helpful to the decipherer. 
It will tjo noted that all the signs in this passage given in figure 
1, BP that from this line of open transcription the whole utterance 

■It t^uld b* potntaJ Ihnt ctm Id mf k1o<! wfftlnt L ft,, ihft alpliabftlc UdOk 
I lDtar itt^irr <jf Ift aftT. ^lallp nlnuhTolft In RUajr ijvteiaa, ithlcl) Tutlfin vt Aa 

SSf" 'i^*^™**'™* war of ifftflplnf. TitH» la th* irrlttoi of ih»lDttd Arable, jMUacftd 
TltmAfi RhaHhnDd. thft wQwti pblDii m rprcHUintMloDaUT with 

Cftlli&aiLBtBl rfKBi* BOrE wtltlAa ccMHA^QU-mij with thUD la CIie ortlfw gf nctoBl 

la thft Dtraiu^i^ alplutbftt ihe tawclI V.m roiftd twfr41lD*lLttfllLilly wUh tlkc *0D- 

MQflftt ilffni, uO tbs fawftl I to qtTVnd aiwr m coDBAPmnt 1# Ncta&Ur lA^wd la 

Oftbat KiARonant. OctT BWii irh U MtmJimriw WTIkm bBcXWud, Imtbt BctumUy JUm 
■pcdu daiEBT qf Ibat raojiu ail bjhuiubI orCcr of pftBltf«l9. SqiDe! mnwn^TaiDa lod 

«drftrUjUl« fulBeudi bIh upq two-OlmtatlaBBl froDidbgn ot Ifttttri. 

rl**!,?'’ ®''***^“ ^ ^ Towtftii. li* flm pkriw D1I.DP “I do not 

wfcat. Tbi pfiCi&Da utLftrR-om ii dbbflrtlb tbq IfRjii ituidpolDL but jadsIqB' from tbft 
BvHflnUy »E}F«iiDlB llttr InrDraiAat'l Bttftmpt ti> cataplr wltb m fwauit io 
IrEv 'f#'.*' 





MATA HlERO<StTPHB—WHORF 


m 

cmi be read oS in roagh witliiie, as shown in the third line or trans¬ 
literation. Since many of the aigM can be indafinite as to vocalic 
timbre, eTm when they imply » preferred inherent vowel, (he vowels 
of the utterance are bere and there doubtful, although the indication 
of definite vowels is generally much better than in Egyptian or 
unpointed Hebrew. To a certain estent, but by no moans whoUy, the 
tronBliteration of vowels is based on sixteenth-century Maya, which 
can hardly have changed radically in tliia rvapect since ^e period 
of the codices probably not very many centuries earlier; and it is also 
baaed partly on comparatiTe evidence from other Mayan dialects, a 
field of research which must of course go hand in band with scholarly 
and philological reading of the oodicea. But it must also be empba- 
that the text itself contains unmistakable reference to many oi 
ibj vowels; thus the dgns a, e, i, u of figure 1 are unambiguoiia in 
their indication of Towcla, though the position of the vowel in the 
word may not always be clear. Thus we arrive at the tranBliteTwtion. 
namely: 

a-S-e-H u-ffl-Jta* le iorhav 

The position of the c in the first word is not wholly dear, ainee 
this fl is written inside both the h. and the g sigua; and another pos- 
aible transliteration ia h-e-i-sa or Ae-e-i-M, to be read either heienah 
or hssaah^ which would indicate that tha stem which means drillmg, 
which is has in alateenth-century Maya, was pronounced more nearly 
hoi in the dialect of the codices. At present more avidenoe would be 
needed to confirm tbia, utd the reading hasesdh seems preferable, the 
vowel a not being indicated in the writing but a reasonabte recon¬ 
struction from Maya linguistic evidence. 

Under tlie tmnaliteration b a reconstruction of the original ^ntence 
in the light of Maya linguistics, written in the usual Americanist 
phonetic eyatem, and below the translation of this is a repetition of 
the reconstruction written in tlw tradiLional Maya ortht^raphy. Thb 
is includfid in order that Maya students may see the sentence written 
in the way most fumiliar to them ; though the use of this traditional 
spelling for linguisdo purposes is not to be recommended and im- 
posM a handicap; indeed may breed quite misleading notions in the 
minds of students. Thus wa have for the reconstructioii: 

Pbonetlc_ 

TntlldDiiJ.L_hoxcra]^ h kstp UsamnA <a tfAim 

Under the phonetie tranflcription is the Tlt^ritl trAJislndon: 

(or made) by drilling bis bummg-dre Itzmna our lord,’* or in 
smoother English; “^ur lord Ttzamua kindles (kindled) his fire 
with a drill” 

The firet word Is a derivative of the stem hai meaning twisting or 
rolling between the palms, drilling, and with the verbal inflection, 
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twist bctw«n the palms, work a drill, bore, drill. Tlift Mnfiil has 
ceA. flj (i, AdJ, haiab) : tnreer r/m la pntma o paJm&R 

dc las monos y hozer loinLzn, i> cordel assi, y lo oski Pmudo™ and ftffaiti 
**^^^1.* toladrar o agujcrar toladramlu y k cosa tolodrodo o a|;ujemda 
assl” This stem in iha only word for drUlhig in Mayo that I know 
of, Ml tlw ciiHc is portioalarJy cemvinemg. The word for a ilrill, rlt» 
insfnunent. is ha.•^ai^ w# do not have it in ibis iwlex, but rather llte 
verbid inflec-tinn. The sulBi -u, *s (followed by -oh.) of the wrbai 
inflection is eansativu, similar in mcaninf; i* the suffis ^het; -T-cs-flA 

iTlPflllC 'riillfu ilK / A-r-ik Ilk t ^ ^1 i'.- 



iiieatiing is that which fitu the present case. Tli« suffix ^ah denotes 
transitive action already accomplishHl, in contrast with trnnFitive 
action not accomplished or not. finished, eiibcr future or oontinning 
in the present. Thus fimetah means makes (made) it by drillin;?- 
Midi^ wlmt by driUingt According to our scheme above, that 
which is dent^ed by the next a%n cluster, Bi. In the bottom section 
of the same page the ™rreeponding cluster B, denotiM the stnne or 
stone object being drilled. In ttiat case “makes by drilling** of courao 
does not mean create the object wholly by drilUng. but mi her perform 
that step in the manufacture of the object liiat requires drilling. 
Hence ill that case there m merely a subtiR ahade of diffnrence between 
MvesaA and hfMak “drills it.” To digress a litUe, duster B, is prob- 
ably to bis read dots, here many instead of three, * of three 

nipplfw, and a form of double-loop I doubled by soratchm 
between loops. The word could mean edge-tool, i. e., wcapon- 
I»oint» kmfc, etc. Such points or knives were of course predominantly 
of stonn mnong the Maya, and were no dmibt sometimes drilled. 

^tiiming to the middle-sectirm text; here B,” mean^ 

makes Bi by drilling, actually in the rense of “eauaes” or ‘^creates,” 
am^ B. evidently denotes fire. TliLs fits in well with the expression 
« L « uuiking fire with the firi»ririll: AaJuA k> a*’ 

fire ), which uses the eimpler or lesi inflected form AwoA 
ratlwr than The Motul gives kek {L AAs-faiV] 

* <* J: enrender lumbre ciiMndo fuego frotondo un polo con oLiti,” 

also k^k {/um A' tik’ ‘drill for fire'): artifido o recaudo con 

que sacaii fuego Jos imlios.” 


TJe either B, le nnalyaed as u-fo-jfeiA, consisting of rign Ko, US 
of figure 1-^“- 21, to, hi ft« he read here /o), and Ko. 0 of 

® doubled and enlarged ka (2fo. S) might be 
simply ka, H«i» the reading kak fits exactly. 
The milial«Iwre would denote the preposed third-jwrson prnnominal 
reterenw t*. Fur rnir present purposea it is immaterial whsther this 
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be regarded os a prefix or n =?epwriite wort! always occurting imincdi- 
ntely baftire iitmprepUQminal stems. Owing wlioUy to tlw. gfuiiinuit ical 
patterns of Etigllsli (and uUiftr EuropEon languages), it must be 
tn^niilated he {ahe^ «V, the^) it tlie following stem is tninalat*^ m 
an Englisb. verli^ but m hi» k/^, lAeri^) if that atom is translatod 
]is an English noun. From the Maya standpoint it dennteJi tlie Kfnna 
relationship nt aJJ times ^ Maya stems are neitlier nouns nor rorbs 
In Lhe English sensc^ but a single das delimited on a cpiiie different 
basis froni our parts of speech. Th^ stem with which tliis ia in 
const ruction L=? what is written as to-kak in the rest of the duster. 

The writing t^-kak however is only approximately phonetic, as 
vvilh ^fiiya writing In general; it suggests only m rough ouLhna Uie 
sound of the utterance^ from which ^;llggpstion the reader is expecte^I 
to infer the right j^ltiya word; the Maya application of phonetii.^ in 
vTriting had progressed no farther than this^ m we have already seen^ 
Xow the woi^ that is apparently indicated lit not what it moilem 
Americaoigt phonetician understands by the transcription tokak^ 
but rather what he would transcribe as to ^Ak' iik\ Thig la a compound 
word, cxinKiatingof the Ktems Itt k ^*hum, burning, ignition*^ 

ftf denotes long o) and cfi’ “fire.” The iMotul gives as { i. 
e., to * A:): quejuar, abra^ur^ y cciga quemada” and (i e., k* * 
fuegOj 0 lumbre.’’ Note that tlie Maya way of wTiting to - kk^ fit” 
rlneg not digtinguiali tlie glottal izihI piilatal stop k* at the end of ak^ 
from the coircspcmding unglottaiizcd stop k at lha end of f<5 ^ ifc, nor 
does it distinguish the sequencre of the two, M* from either one singly 
nor the long vowel a from a short o. Thia k all part and parcel of the 
approximate and outline]ike character of the phonetieism^ implicit 
rather than dearly consdotis pbonetackm, which Maya scribes cm' 
ployed. Thera is a phonemic difference between the simple and the 
glottaliz^d stops in Sfaya but it is u minimal iliffercnce. The writing 
used the siime symbol for Imth a simple step and the homorganlc 
glottalizpd stop; instances of this are numerous. This does not mean 
that these were not distinct sounds in the Maya dialect of the codice«. 
It is almost a certamty that they were distinct, Jiint m they are in 
all modern dialects of Maya. They Avon* mrt distinguished in writing 
probably in the same way tliai. miuiinMllyHliffering phonemes («, g,, 
Ilia long and short vowels of Latin) arc often not dzHtinguished in 
B writing systemj because the native reader can always tril from the 
context which sound to supply. And this condition no more than 
we meetj to varying degree, in idl $y£^temj 5 of wTating other than thoHn 
devised by linguistic scientists for the esrpress piirpofle of an accuracy 
going I>eyond the necils of ghiiple rxmummication. 

The cxpresjjion - k-k^ak^ may be translated “hk burning firos” 
or probably better *‘hie kindling Hre, hh igniting of flre.’^ It follows 
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a type of Maya two-stem compound, probably the same type as 
already explained, though the idea of “by means of” here need not 
be injected into the translation. We now have attained to transla¬ 
tion of the whole predicate; “(he) causes by drilling his ignition of 
fire; and it is evident that this expression ha esah u-to-k-k^ak is but 
a more elaborate form of the Jutsah ft’oA’ cited by the Motui diction¬ 
ary as the way of saying that one starts fire with a fire drill; it 
follows the same basic pattern. 

I might here digress briefly, anticipating a misconceived objection 
that might be raised, to say that the sign cluster to-kak sometimes 
occurs in the codices where there is no pictured reference to fire, and 
seems in these cases to refer to an anim al in a hunting scene. An 
instance of this is seen in figure 3, top section, over the second pic- 
tiire, where occurs the cluster to-kak-a, with -a of No. 1, figure 1, and 
without preceding u-, forming part of a sentence roughly analyzeable 
as loman u-NORTH tohaka X “speared (in) his north (is) (gram- 
mat. object)-X.” I shall suggest first, but not in seriousness, a type 
of explanation that overstresses the mentalistic approach. I shall 
suggest that the reason why this glyph accompanies both pictures 
of fire and pictures of a hunted animal is that it is a glyph which 
denotes sacrifice or a sacrifice, hence either a sacrificial fire or a 
sacrificial animal. Now apparently just this sort of explanation, 
with its thin veneer of ethnological allusion, sounds plausible to 
some minds that have engaged themselves with Maya hieroglyphs, 
and it is necessary to warn against it. This is why no people but 
hnguists should touch the hieroglyphs. In the present case of 
course, the explanation is an out-and-out concoction of ray own, 
cooked up in a few ^conds merely to illustrate a point. A trained 
linguist would, I believe, be inclined to ask, “Have you searched for 
an explanation in the configurations of utterances and in the data 
^ the Twabulary, before adopting this quite speculative hypothesis!” 
The real reason is no doubt that besides the stem to'k “bum” Maya 
has the shnilar sounding stem Uk (with nonlong o) “take away, take 
by force, capture, carry off,” etc. The Motui has Hoc, ak, oh (i. e., 
tok) : quitar, tomar por fuerza, privar, arrebatar, robar y usurpar 
casas, y cosas muebles.” The sign cluster to^kak in this case is not 
being used to write the compound word to^k-Wak'' but to write some 
simdarly-sounding derivative or inflection of the stem tok, and the 
word probably means prey, animal taken or carried off, catch, game. 
Possibly the word contains tok and the repetitive plural suffix 
-a* hence (su^essive) catches of game.” The context is enough 

to (toingmsh this word from the similarly-written word pertain- 
mg to fire. ^ 
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The next sign cluster, i-g^n-a, writing the word igavu^ “Itzamna^ 
name of the leading Maya god, the Roman-nosed god of cod^ce^ 
is Tery important because it is the Brst proper name written m Maya 
hieroglyphs to be deciphered. Proper names and esp^ially per- 
sonal names have a peculiar convincingness in the dMiphennent of 
any script. They are ideal tools for decipherment when they can be 
had. When a decipherer can with the aid of his system spell out 
some well-known proper name which should occur in his te»t, he 
knows that he is on the right track. It will be remembered that it 
was the names of Rolemy and Cleopatra in an inscription toat gave 
Champollion his most effective clues, and similarly it was the names 
of Xerxes and Darius in the Behistun inscription that afforded Eaw- 
linson his starting point for the decipherment of cuneiform. It has 
long been agreed that the Roman-nosed god of the codex pictures, 
or god D, corresponds in characters to the one traditionally known as 
Itzamna. His glyph is always written in this way. If we knew 
more of the ancient names of the gods our progress in decipher- 
ment would be materially aided. Unfortunately the god Kukulcan, 
who appears so frequently in the codices, evidently is not called by 
that name in the c^ces, or else if he is called by that name it is 

written by a unitary word sign. ..71 

The next cluster, k-ka-haw, representing the pronunciataon 
is to be reconstructed ka-ahaw “our lord,” “our master,” “our king.” 
This was the characteristic epithet of Itzamna as the Maya Zeus. In 
the Chilam Balam of Chumayel and also that of Tizimin, this ^d is 
referred to and called Itzo/mfui k&vtl. Here equals in the 

Americanist phonetic system, k'^awiX^ from kahawU (glottalization 
arising from loss of -aA-) from Aa-aAatciZ, which has the same mean¬ 
ing as ka-ahaw. Thus this decipherment may be likened to Eawlin- 
son’s recognition of “king, great king, king of kings” after the name 
of Xerxes. The Motul defines ahaw as “aAau (aAaw); rey 0 empera- 
dor, monarca, principe o gran senor.” The preposed pronominal 
ka {traditional spelling ca) is the second person plural governing 
the following word, the translation of the relationship being po^ 
sessive when that word is translated as a noun, subjwt when it is 
translated by a verb. Here of course the translation is “our.” The 
cluster k-ka-haw “our lord” is an almost invariable accompaniment 
of the name Itzamna in the codices; rarely it is oimtted, and rarely 
it occurs with the names of other gods. Occasionally ^ also with 
names of gods we find the simple epithet ahaw “lord,” written a-Aic, 
with an a sign not listed in this paper but cited in slightly variant 
form by X<anda, and with No. 6 of figure 1 for Aio. In accordance 
with the general principle of Maya writing that signs may not be 
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used in isolation, except as day signs, the word ah€m is not written 
with sign No. 5 {7iaw) alone, except when it means the day Ahan. 

Thus we arrive at our final translation: “Our lord Itxamna kindles 
his fire by drilling.” 

The importance of tliis decipherment and translation is quite inde¬ 
pendent of the interest or lack of interest of the subject matter. As 
far as concerns the information which this translation gives ua about 
the Maya, or about its own subject matter, it is quite trivial; it is no 
more than we could have gathered from the pictures alone. Its im¬ 
portance is linguistic and philological—linguistic because it gives 
information about the structure of a language, as far as the writing 
can express it, at a certain period of past time, philological because 
it is precedent to the study of a literature and of culture as reflected 
in this literature, at a period of past time and in a historical context 
and perspective. From this one short sentence can be gathered a host 
of linguistic and philological data, only a small fraction of which 
has been discussed in this paper, data which can be tested and cor¬ 
related, and employed heuristically in further investigations, of 
progressive difficulty. A very few of these further ramifications of 
this sentence are barely hinted at in the footnotes, which the 
exigencies of space have kept relatively brief. Each such footnote 
actually represents an extensive study. In this way the decipher¬ 
ment establishes itself upon a constantly growing enlacement of sen¬ 
tences, their translations controlled by sets of pictures, which 
sentences mutually give rise to a growing grammar, sjntax, 
vocabulary, and sign list. 

There are two main wrong ways of trying to read the Maya 
codices. One wrong way is to attempt a clean sweep of the job—^to 
retire into seclusion and eventually emerge with a book—a book 
which “teUs all,” which reels off, interprets, explains, epitomizes, and 
comments on everything from page 1 of the Tro-Cortesianus to the 
last page of the Dresden. There have been several such books in the 
past hundred years. Usually such books proclaim the discovery of a 
key. This key is then applied at the author’s sweet will, and the 
trick is turned as easily as a magician lifts a rabbit out of a hat. 
Often, moreover, such an author has exposed his slight acquaintance 
with the Maya language and with linguistic procedures in general. 
Historical writings are not to be read with keys; there is never any 
key but research. The amateur decipherer is prone to make a false 
analogy between straightforward writing and a cipher. Actually the 
very word “decipher” which I have employed so profusely in this 
essay, embodies a misconception. Why have I used it? I suppose 
because it is simple and vivid, it has been generally used for this sort 
of research, and I have succumbed to usage. But reaUy one does not 
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d«ipher a nterahin,, one d«lph<ir9 only a ^ 

Sod of writing with deliberate intent to conceal ^ 

ThL who do not po^ the key. It ia deciphei^ wjth h key 
because it has first been enciphered with a key. A straightf^mrd 
wriring, not intended to conceal its tenor from aU but “ 
not refuy deciphered; it is analysed and t^nabte^ The 
of such analj-ria and tmnsktfou are quite different from the n.ethods 
of Sige decoders; they arc the methods of Chamj^lLon and \ onng 
with E^tiaov of Ruwlinron and Grutefend with 
BxLn^d Stiirtevant with Hittite; they are the methods of 

^ThrdSert^^'^wS'of attacking tlie lingnietie portion of tho 
Mava codicee ia the Site^nfloisch approach. It concentrates for lo^ 
periode upon isolated glyphs or words, havmg 
Slat such things as sentences criaL Suppo« that “ 
one succeeds in deciphering or partly deciphering the ^ 

Itzamno. Then one ne*t Bpends years ucruLimzing evsj gl^h of 
Itzamna in the literature, noting the most minute ^ 

the pen quirk, and linking it up find with e^ory scrap i^onnatum 
that^n be gleaned about Ilzanma, tlwn with every god in the 
die American area that can be connected with Itiamna Tlte me 
glyph disappear from view, haring ®rved as the sp^gboard mto a 
1.; of mvthology, religion, and folklore, from which one may pe^- 
Taps af^aet irith a monograph entitled n^he Concept ot 

It^na.” This method, through concentrotmg entity on wo^ 
study, WHudars so far from the apceific incidences of the 
tests that it finaUy ceases to be linguistic altogether, and ^om ^ 
Homething else. Words are nothing without ^ntenc®. * 

wo“d is depends on what it does, i. on its position and ^^lon m 
the sentence. This is even more important than how it is writtem 
In Maya as in English there are many homonyms, midjilso words 
which though not homotiyms are written alike, as in Eng k are 
(the nfctal) and food (gn in front). Hence the 
of the sounds of signs and o! their glyph.c combinations is only 

one road to decipherment of the Maya hieroglyphs 

.nd roadL of the Mara literature. It is throuf^i a growing con- 
ami read I g . ^ urocetding from the less to the more diffi- 

Srbe^big with wnteuccs whose meaning can be undci^^ fnim 

ScluM <rith the Uosuialc totsia* Md todme. k.pt Mn- 

mbmilta. Tbe linguist'o finding, mna eventnnily Imir lh« Km- 

Sn, XL b«n,«.n th. ground of. »llul»r.t.o„ for 

Xutin «l.ul.r3. On. tnnn ™nnnt b. tb. m»li 0 ID tor .nlffprrtine . 
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litvratare; Jsnch a task requires tiie matual contributions of many 
flcholais who are able to proceed in generai agreement as to basic 
principles- Linguistic principles alone carry the conviction neccs- 
saty to such scientific agreement. 

As the research progresses and expands and grows more sure it 
becomes able to read with some confidence sentenci^ which lack pio- 
turea to control the translatioiL We shoU thus begin to rood cau¬ 
tiously portions of the hiscriptionS) and the tong picturdess teste of 
tlie Peresianiis codex whoise meaning is now utterly mysterious. As 
the niajor linguistic difficulties ore conquered the study becomes more 
and more philological| that is to say, subject matter, cultural data, 
and hiatoty play an increasing role—it becomes a matter of not only 
reading but of understanding as much os possible the allusions, the 
references, the noniinguistic contexts, the cultural patterns which 
are seen by glimpses, as it were, through the bare words and gram* 
mar of the translations. This is philology. But as the of 
philology we must have Ungiiiatics. Only in this way can we erer 
bopo to understand the history and culture of the Maya. 


CONTACTS BETWEEN IBOQITOTS HEEBAUSll A25D 
COLONIAL MEDICINE* 


Br wiLT^-vii N. 


iWfllLB plAt«] 

nJTHODtCTlON: THE CODNTBY AND THE PEOPLE 

A trawler of the sewnteeiith century leering 
of the St. Lawrence Kiwr to aecend the Qwet Lakes would haw 

encountered Indians living inland from both 
spoak relnted dblecte of the Iroquoian language ae he 

went on across Bouthem Ontario toward the Detroit Eiver. 
South tif Lnke Ontario lay tho country of » e«at oonfe^racy 
known to the French as the Iroquois end to the Engbsh w U« 
Five Natlona: the Mohawk, Oneida, Onondaga, Cayuga, and Sen« 
tiil^a who populated a d.«en ragged vdllag™ across New York; but 
the cognate^eutral of Ontario and the Huron near 
were never part of the great League, which Uie T^amta of Nor^ 
Carolina joined aa the eixth nation in 1122.* 
tribee shared generalized cnltural as wdl as Ungnistm ai^an^ 
tlmt set them in sharp controsk with Algonquian hunters " , 

of them. But for the individual the loco! band was swiety and ^ 
knew beat his own village and Uie surrounding wo<^b and fields where 
ha hunted and collected plant foods. Particularly was this trae of 
women who remained at home to Oil the fields, aeldom travelmg on 
tribal buBine^ or on the warpath. ViHageo* d^over^d 
the flora of tlieir local habitats during a eontinnol search for ^ 
Manv plants were known or discovered to have medicinal propertiea, 
whSe a few tragic events served to remind the cautioi^ eipcr^e^r 
Uiat certain plonte are poisonous so that he must be careful about 

tiki!- IrisqHOilw likdlilaJ. wtlfill !■ ^Hhilii'hAd In Tba nt¥loric Af BtjrtlbwMtirO 

Cft, Vrw Ysrit IMO, T«,™6ljin Wl**IW tb*nulU inij «« wrltEf'I pil)*r *• StmMJt 





504 ANNUAL EEPObt a^^ITHao^^AN INBnTCTlON, IMl 

indi^i^uiB^ly into all roots. Thus fear and culiuoa con- 
ficrvaiBm ^d, i>erhaps, lack of ini prast, in diro tiecessitT un> 

o”u!f inan .cqiurtag i>ptem«ic kawlidg, 

1 . nifin and women tliroucfiDS 

specislization were regarded as authorifiejj. 
conJd Jst^jsh 300 species in a region that has yielded modera 

number. An occasional hirbalist might 
\ Nevertheless, the Iroquois wL 

f change m topography ami ecology that a traveler would 

coiintJ^^dirt^ north of tha Mohawk 

coun^, i^ugh predominantly bcech-birch-maple forest in Onmda 

muck^ kfd^V^r bottomsand hemlock swamps to the 
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kin, locality, and dialect, permitting some Iroquis to retreat from 
the modem world of frustration into a native reU^on that fur¬ 
nishes delusions of past political granduer and quasi health “dur¬ 
ance in Indian herbalism. Thus the Indian herbalist, bolstered by 
a native teli^on and the beUef of many ignorant whites m his 
vereal knowledge, is encouraged to preserve the ethnobotamcal 
knowledge of his grandparents whose ancestors learned plant uses 
for the flora of the region his people continue to inhabit (pi. 2, fig. 
2). To what he can retain of this fund of family knowledge, the 
modern Iroquois adds the plants that he collects for drug traders 
and other popular practices that the whites have proved to him to be 
effective. Moreover, discounting plant spwies and usagte of obvious 
European introduction and checking one informant against another, 
one can readily assemble a respectable list of plants and their Indian 
names which have currency in the Iroquois community and are 
probably ancient. Similarly, if we compare them tribe by tribe and 
reservation by reservation, those names and usages that are now 
widely separated in time and space and yet are demonstrably eqmva- 
lent date back to the time when the Iroquois tribes were inhabitmg 
neighboring territories, or to a still earlier time. 

Since so much of Iroquois culture has the mark of a southern 
origin, it would seem that, as they moved into the area which they 
inhabited during historic times, not only was it important for them 
to discover new edible fruits, but a host of plants awaited tech¬ 
nological and medicinal experiment. Possibly Algonquian neighbors 
had devised some uses which they showed them, but to other plante 
the Iroquois have applied concepts that relate to analogous domestic 
or known southern species. However, those plante which are named 
for mai^ maj reflect a process of reinterpretatioii following long 
years of maize cultivation in the norths In comparing present 
Iroquois and Algonquian plant names we find some names t^t have 
similar meanings and yet we cannot be sure in which direction such 
ideas traveled- 

INDIAN AND COLONIAL MEDICIKB 

lOth: I give a beverage made from an excellent wMte root, with wMcb dis- 
eaaes of all kinds are cured In my country-—Speech of a Mohawk envoy at 
QueheCt 1650,* 

Contact between Indian herbalism and western medicine was a 
natural result of colonization. When they met in the early sixteenth 
century European medicine was still carrying a heavy burden of 
medieval practices so that the few first physicians in the colonies were 
but several centuries advanced from the Indian shaman who selected 


* Jesuit Eelatlons, toL 4S, p. 83. 
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his her^ thi^ng of the effect that their appearance might contrib¬ 
ute to the disease, and guaranteed their efficiency with incantations 
and feats of ma^c. Moreover, the average settler had brought from 
e old world a toowledge of herbs that in kind was not unlike that 
« the Indian, but as newcomers they were unfamiliar with New 

r/i!’ “'"u medicine 

did not Kt them above adopting Indian remedies, the Indian herbalist 

wh^ knowledge was power was not always a ready teacher. Two 
centuries of missionary, miUtary, and scientific travel were to enlarge 

were to 1^° ^^ ‘he IndiaS 

Ih ^ pharmacopoeia. To this fund of knowl¬ 

edge the Iroquois contributed a share. 

hand of Laurentian Iroquois, at that time living in 

whenTTSelftt^Jf’fT'^'K^ sensational beginning as teachers 
When in 1536, after 25 of his able seamen had died of scurvy they 

showed Cartier how they obtained refief from a simple decocdon of 
the bark and needles of hemlock {Tmffa mnademis^{U) Carr) or 
white pine {Pmua strohvs L.). ' ^ ^arr.;, or 

down ef hf ^ general and Wa men so Stricken 

Stadadona [Quebec] and amon^^ih ° Indians approaching from 

were VZ for te Zf* “*? """" 

had gone bod and de^ayS Z Z become contracted. His teeth 

captain, seeing Horn A^ya S • 

had healed him, in order to cnre hia ™ delighted, hoping to learn what 
eome near the fort, the i ° Anti when the Indians had 

eicknesa Dom Agaya repued that*Irha'? ***“ 

■..Tt. at a tree aa7oaTi “tha^\rth«'‘thf I' 

Sickness. Upon this the captain asked him if 

aboata, attd to aho, tt Thto i. “ a ^ t“ha« Z »' “ 

oplalon] bad oaogbt the diMaaa wban .tayS, ij <Lm ^ 
at Canada, being unwilling that he should kLw ^ Honnacona s wigwam 
Thereupon Dom Agaya sent two souaw,Z?>, 

and they hronghtZck Tor W SSes ZlT = 

bark a.d the taaye. aad to bou the wb“, to water “ 7" 

every 2 days, and place the drem or. »t„. i should drink 

affected. According*^to them thls^ee ^'^oUen and 

It lb tbelr Iabjuag?.taaSdT- »* i^”' VHW eeH 
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herbalists employ the hemlock as an ingredient in formulae for boils 
and venereal disease- This is an interesting fact historically^ 
whether or not the plant is a specific for the disease^ Seventeenth- 
century travelers were unable to rediscover the famous tree, because 
the Laurentians had abandoned their Quebec towns in the intervening 
decades and the succeeding Algonquians did not employ it as an anti¬ 
scorbutic. 

The seventeenth-century Huron and Iroquois distinguished among 
them shamans who cast and removed spells, clairvoyants who diag¬ 
nosed disease or foretold weather and future events or recovered lost 
objects, and herbalists or apothecaries who administered remedies. 
Frequently, several roles were combined in a single individual. Here 
principally the herbalist interests us, although he seldom adminis¬ 
tered his simples without a modicum of ritual to impress the ex¬ 
pectant patient.® 

Against such competition the Jesuit and Franciscan missionaries to 
New France labored with all their wits and the skills of European 
civilization. Such medicines as they had brought or they were able 
to import from their brothers in Europe and the lancet were potent 
weapons in the conversion of the Indians who took readily to being 
bled. During the summer and fall of 1636 and throughout the winter 
of 1637 when a great contagious epidemic leveled the villagers of 
Huronia, Father Joseph LeMercier wrote: 

Everything was given by count, two or three pmnes, or Uve or six raisins to 
one patient; ♦ • • 

Our medicines produced effects which dazzled the whole country, and jet I 
leave you to imagine what sort of medicines they were I A little bag of senna 
served over 50 persons; and they ashed us for it on every side; * • ♦ t 

Undismayed, the Huron shamans combated this success with dreams 
of visits to an inhospitable French heaven, with tales that the French 
are sorcerers, and that the faithful before the epidemic had believed 
only to get tobacco; and the missionaries had no sooner gotten the 
Indians to acquiesce to forsaking their dream feasts to avert the wrath 
of God in the pestilence than an nnusually adept shaman ordered the 
False-faces to purge the cabins of disease, LeMercier continues: 

Towards evening [8th February» 1637; at great town of the Bear 

band of Huron], tbe Captain Andaftiucft went through the cabins to publish a new 
order of the sorcerer Tsondocoiiann^, This personage was at Onnentisatl, and 
was not to return until the next day. He was carryli^ on his preparations, 
that Is to say, certain sweatings and feasts, in order to Invoke the assistance of 


* For a compendlojn of the prltidpal fionrces on ehamans and medical practice among 
the Huron at this period, consult Klnleti, W. Vernon, The Indians of the Western Gre&t 
Lakes, 1650-1T60, Occas. Contrlb. Mos, Anthrop., Univ, Michigan, No. 10, pp. 131-160, 
1040. 

TLe Jenna's Halation, 1037, in The Jesuit Relations and Allied Docnments, Beaben Gold 
Thwaltefi, ed., voL 13, pp, 113,115, aeveland, 1898. 
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the demons^ and to render his remedies more elBcaclotis. This prescrlptloii con¬ 
sisted in taking the bark of the ash, the spruce, the hemlock, and the wild cherr 7 , 
boiling them together well In a great kettle, and washing the whole body there- 
witiL He added that his remedies were not for women !n their courses, and that 
care should be taken not to go out of their cabins barefooted, In the evening.' 

Similar decoctions were in use among the Mohawk of Caughnawaga 
in cases of colds, coughs, and rheumatism as recently as 1915, and the 
tabu is characteristic of later Iroquois belief. 

In the face of these circumstances the French missionaries were 
naturally slow to adopt new remedies when the supply that they 
had brought with them ended, while in the tiny center of French 
culture at Quebec European medicines were used almost exclusively. 
After 1640 we read long lists of medical necessities required by the 
hospital nuns of Quebec who were treating Indian patients for 
smaUpox that had come to them from Europe, Into the Ursuline 
hospital willing Indian patients brought some folkways of the 
forest* The Mother Superior speaks of them in Le Jeune’s Halation 
of 1640: 


The remedies that we brought from Europe are very good for the Savages, 
who have do difflctjlty In taking our medicines, nor in having themselves hied* 
The love of the mothers toward their children is very great, for they take In 
their own mouths the medicine Intended for their children, and then pass It into 
the months of their Uttle onea' 

Two years later they dispensed over 450 medicines and their supply 
was exhausted* The long list of necessaries of which they suffered a 
p^eat lack in the year 1665, for the relief of the patients then there 
in large numbers, pleads for senna, rhubarb, jalap, and tberiac, 
among others; and for succeeding years Uiere are similar, shorter 
lists."® 

However soon these deficiencies were corrected by cultivating herbs 
in Quebec, as early as 1641 Charles Gamier in a letter thanking his 
brother for a memorandum of the easiest remedies, which were never¬ 
theless difficult ^cause the ingredients were scarce in Canada, begged 
for fionae medicinal seeds useful as purgatives and for information 
concerning their growth which he contemplated at the mission of Ste. 
Marie in the Huron country,"" 

A generation later, Lambemlle, among the Onondaga near Syra¬ 
cuse, bemoans the lack of a quantity of medicines as an aid to 
converting the sick. 

It would be a halt wherewith to secure nearly all The dying. There are 
some who, when they find that They are given do medicine, turn Their backs 
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to att ftcl wr that I Ihtc no pitj* qu aM oftof that tb<yf pjinnot bs 

opproAthcd.™ 

And tile following year eome ointment that had lifsen eeiit him proved 
a aoToreign remedy for ulcers; httt just at the point whore he had 
gained prestige with his jlrst curot the supply (^lvo out and his case 
was lo$t” On Iha otJiefr hand, to offset the successes which the 
Jesuits claimed wo ImTC Baron I^hontan^s statement that the Indians 
in hie day were c^ppfH^d to making iise of French medicines and 
Rurgeons.” 

The picture that wi? have developed of Indian medicines during 
the period of its failure to cope with mtroduoed Enrnpeaii diseases 
leacls us to inquire how suocesafidly uatiTe hcrbaUstj> treated indig¬ 
enous ailments* Early travelers ranark that certain diweii.^ then 
common among Ftiropeana were unobserved among tho northeastern 
American Crib^. Among these^ gout, gravely and drop^ wei^ men¬ 
tioned by Ijaluinton,” On the other hand, ailments growing out 
of their way of life were more frequent t prolonged fasts followed 
by feasts and periods of famine induced digestive disturbances; 
rheumatism , neuralgia, pleurisy, and pneumonia were not uneomiuon 
among tlm Iroquois 5 and long years of group Uving in smoke-filled 
ionghousea brought on conjunctivitis with advancing years; while 
wounds^ dislocations, and fractures were risks in a life on the warpath 
and the hunt. Possibly a^hma and dropsy accompanied advam’sd 
age;“ and the great number of preecriptiDzis for deficiencies of the 
blood and uterine disorders suggest anemia and complications fol¬ 
lowing childhitilL ZeiRberger^a description of hardships and diEease 
among tho Delaware and Iroquois in the middle eighteenth century 
is proliably typical of earlier timeiip 

iaillaD^ are not ntber mor^ nubjecl lu dlreaK Lbas Euru^caaA« tliolr 
rOurb iDaiiD^>r at lU^ dad tb^ Ziardshipv of tretel bciji^ contrlbaiiDf cdusea 
On JoumeT* the? mind nelUier watn nor hbow nerr fc^ tboui^b CHKilts and 
rlirf^ be ever so full of nuiQlai; Jee tber Uireu^b und noUiliir botd^ thiia 
up, Oa tbe cb w tbe^ not odJ/ itval tbrou^b tbs woods to ^et, iianoUccdl. bwr 
tbepimo, but also pursila It " * * UdEil they [ot within raneOi thus • ■ * 
thaj mtij bftvo choked Isotn mom tU eve ■ ■ ■ oomtitiiacv 8 or lO miles 
awBj froin tbelr bunttu^ iodgOr no food bavlnp beon tastod the eatim day, 
So lonj? as tbe7 are youn^ dad atrotiv, ther ougoT do 111 olfeetBr but wUb ad- 
vandnjt ream ■ ■ « Rbeuaiathm Is coomioti amon^ tbem, often leadni:^ 

to iameneRKt desfaeffl or blLadue^a The woai^n wbo vatrj ever^Lbld^ bj mcdiia 
of a carrying islrtli fixed to the forehead, wheare the wbota burdea—and a 
brnidred wet^bt ie act eoaaJdared beay?—la snipeucJed down tba hack^ frailer 


“ BfibtUon of tara-TS, J«nit a«uuiHi». st, p. its. 

I* insd., v^ii, BBL pp. 211-Tia. 

LabOBtsa, Dwttm N^w t-ojufts to Nortb AatrLca. reh £, p. CO. 1703. 

Etfr (U. V.}, M-cdlrUH Amcmi UlS ADOArfeib ladHtlt, p|L ^20, CUa llcdics, 
New T-orl^ 19^2; Carlfitu Wa. Tboa. (3L BA, ^^14 B»dlclav'iaiLii at tbi jUD*Hcsa Indbia, 
PDl bd-co, Cfau- C Tbwitf, dprlsiaeld, IJL. and Baltlorare. lOBO. 
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■■ 

In iMifrlE ba thpy alnjen Tb^ men e^riT ^rerytlilti^ fixed tn m 

carryInff ftsced across tbe chest A dwr weighs fram a bnndted id a 
hitndrod Bad thirty potmds they wUI carry the entSxe way home wlthoqi aUewiiug 
thewelTftfl to rest. 

** + #«## 

They are subject to feyterlog bdt^ Cured In one pines they hrcair out In 
auQthcr, Cbilla and rcTcrp dyEenteryp hemorrhngat and bloody flux in vromau 
are comcaDu mmung dinm. Yeneran] diseases baring during tbe last years 
Bpraad more and more, * » 

The latter and possiblj titbercula^^is went the irorst of tho imporied 
infectious diseases whicb iticludpd measlesi scarlet fcTcri diphtheriat 
cliiclcetipox^ emallpoXj typhus* typhoid ^ nmlariar and yallow fever.*^ 
Were it not for tlicsc introilui^ed otmtagions, sajs the Jesuit elhnol* 
ogifit Fnanyoia Ladtau, who visited the CaughjmivagB Mohs^wk bund 
nnd the Abenaki of Sb Fmticis during the second decade of the 
eighteenth century, and scrofulous maladies fiau^d by hardness of 
drinking water melted from snow and a kind of phthisis (cousump^ 
tion) contracted by ejrposing chest and abdomen to winter blasts* for 
which they had devdopifd no reniedji and which carried a majority 
to the grave ere the prime of life, their ntlierwlse rigoroue consti¬ 
tutions stood them to an extreme old age in which they had either 
to be knocked on the head or suffered to go out like a light by a mere 
defaidt of nature.^" 

The early writen arc unanimous in agreeing that Indians* includ¬ 
ing the Irc^aois, po^ased pome natural remedies capable of rharking 
endemic diseaMesj hut assert that they excelled even European sur¬ 
geons at healing wounds* siting fractures, and replacing dbtocatiuni^i 
The Iroquoian-sjjeakiug Wenro tribe were reptuied in the year 1G3® 
when tJiRj migrated from weateni Xew York to lIurDnia on Georgian 
Bay ^ to excel in drawing an arrow frnm the body and 

curing the wound; but the prescription “ * was thought to 

have no efficacy unleps a pregnant woman were pre^^ent* whoso condi¬ 
tion in later times was generalJy c!onBidered bad luck in jnedicitie.** 
Incidents from Indian wars furnish abundant evidence of this skill. 
An Iroquijis prisoner among Hurona bag hb tliumb and fcirofinger 
done up tn "^sotUe leaves bound with bark;’^^ Father Poncet, cap^ 
tured, tortured* and finally delivered aa a relative into an adopting 
Mobawk family, had an amputated finger cauterized with an ember 
and wrapped in a leaf of Indian corm Subsiequently it was poulticed 

" ZUiEhetgtrt Ofttld, A bfitorr ef tlu XadlAol. ObJB Arr*, uid Hlit OOHE. rubL. toL 

PJL 23^24, 1010. ^ 

** UtA^nrij, j. foBf cfatoiiu or tiinj^air Jn CiumCi, 2 xtyltL, vu\, i, p. 270, 

Toronto^ lOsa. ^ 

^ AmfflqulELt, 2 WU., tuI. ^ fP. PaHi, 

17*4. 

■ t-olFiDcne In Lfc Jittqe'* nrlatloD, 1630, Jeffoit OtlBtloiui, to|. IT, 213. 

^LiMutcle# OOML RHkUob Of lOST, Jmalt n^litjoDJL VoL IC. jk 41. 
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fur a fortnight with s discoction of some unknown roots or berks, 
“which they wrapped in s linen rag tliflt wea greater than a kitchen- 
cl(iih.'’“ Dutch writers* of the period also attest that there must he 
Tsluable simplea in the colony of New Netherlands because the Indians 
know how to cure very dangerous wounds, eoress, and bruiscs in a 
most wonderful Dioimcr with herlis and roots and leaves which grow 
in their country and are known to them,** Tim Belatioa of ICtSS-ftl 
conveys aonie notion of the skill of Mohawk surgeons in the adventure 
of three soldiers of the garrison of Three Rivers, Quebec, who were 
ambushed by Mohawk warriors on the RichelJeu Islands, in the 
attack a ball passed through the body of one and lodged at aide 
opposite its entry. We read: 

The IiwiqdLii— wlio Ulte pride In leaSlos home prisoners alWe ond foil of 
strength, iB mdare the Btnxla of tortoie “ • “—tamed Phrstetafts • * ' 

and, with cruel conipitieilDii, Uresac*! Itts wnand and bled him • • They 

probed the wound full throiiBli bla body, and andlDf tb« place where the ball 
bud slopped, mnde an Lnelsloo Ibere and Tomaved It, with admirable idtllL Alter 
this mceesSfui opera ttoc, U Is Jbcredible wliat p«t&« and care tbey taek at this 
poor pattest. Some would clentiiie the waund and InlUsa into It tbo Juice of 
roots, eltber tolled or chewed, which Is a soverelRii remedy with Ihem: olhCra 
would hBDdage It * * “■ 

That he eurvivad to run the gauntlet before a Mohawk town and 5 ub- 
setjuently escape near Oneida is almost as remarkable as his blunder¬ 
ing into the cabin of a captive woman who had been rented by the 
Ursulines of Quebec. 

rtor she set ftboot * • • preparlaf a Are for them, giving Uicm w^ncthlag 
to eat, sod wiping the matter from Ihelr sareo, wlthnnt Showtng any disgust 
fit the stenclii wliEdi nros^ ftflm tboAt ill-drefivd weiit lo fetch 

^mc tnfid[cli3al rwts, huiI mflde af them m wLikh ehe applied to ■!! 

the pJnoeJt • ■ * wbcre tlie Rnngrena Beemvd rovst O:un^eroufit and clejmsiid 
otherfi^ • » (MnlttLpe eotMo^ # • • umt u wise end hiod mi- 

fi«ni c<nild do.** 

Tniiiana apparently Trere net ae subject to ganfTrenotia infectiona as 
the French. Luliontan (vol. 2, p. aO) attributed this to the Indiong' 
hail constitutions, not to the quality ol the herbs emplnyed, because 
uotwithetBuding the use of the sanw remedies gangrene invaded the 
wounds of tho F reach- Indians attributed this to eating salt. The 
pressut-day Iroquois ahstain from eating salted foods while under 
treatment of the sacfed little Water Medicine, a mixture of powdered 
vulnerary herbs and animal hearts compoaing their satired war 
bundles. That the Mohowk of C^^ughnawsga knew this formula at 


Bcinttcm of IteUtloo*. toI. An, pp. Ha. 

™ VflJi tit* Dcitiuk, ihdriBAa, D»(7tpH<tn at tba KuW Nottarirtuiili. CoU New Tort HIpL 
S^^ mtl., foL X, p. 207 . Np* Viarlt IMl: Tiafl rvpiwnttit In® Si^w N^lheri* tj i|, 
'(■I JJarrmfclTw dI ITCtr* Sfatbefliud. J®lW5iwn, t<Lt jpl?-- 301, NffW T-ffrl; 1009. 
H Jewll Kji^liiUcfidi^ tfoL 49, p|h 121. 
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the beginning of the eighteenth century seems probable from Lafi- 
tau’s essay on medical practices. He says that the healing of 
wounds was the masterpiece of their operations, that they were on 
the verge of something so remarkable as to be almost unbelievable. 
One Mohawk warrior who went against the Fox Nation had his 
shoulder fractured by a gunshot during the attack on a Kickapoo 
rillage; yet he survived hunger and the discomforts of a journey of 
700 leagues (2,100 miles) to be treated by a tribal surgeon. To effect 
these marvelous cures, he says,^ they concocted a treacle water®* 
composed of several classy of ingredients. The first group included 
vulnerary herbs, graduated according to their properties. Next were 
vulnerary trees from the trunk or root of which splinters were taken. 
The third was derived from the bodies of divers animals, especially 
the heart, which, dried and powdered, was made into a mastic. His 
description of the solution of the first of these sounds very much like 
the modem «SmaU dose/’ or Little Water Medicine, of which very 
little is used and the fluid appears almost colorless. He says its effect 
h to push out not only vicious humors that have the habit of forming 
in the wound, but also the splinters of broken bones and arrowheads. 
The patient is given some to drink and is kept away from all nour¬ 
ishment while in danger, although in modern cases light unsalted 
breads and white meats are given. Meanwhile the doctor drinks 
some of the solution himself to the end that his saliva is saturated 
with it, before sucking the injury or spraying it with his mouth, the 
latter being the modem practice. Lafitau attaches great importance 
to the practice of covering the wound so as to exclude contact with 
eveiything save a possible binding of boiled herbs, which they think 
prevents infection. He continues that when the wounds are dressed 
and the above operation repeated the wounds always appear clean 
and fresh and free of clots; and provided that the sick man is careful 
he IS swn healed. Whereas Lahontan has argued that eating no 
salt facilitated these cures, Lafitau thought that the healing foUowed 
prmcipally from the efficacy of their vulneraries and particularly 
from the precautions taken to prevent the wound from becoming ex¬ 
posed to the air. Whatever the validity of his arguments a chemical 
analysis of samples of the modem plant and animal powders would 
be mteresting, 

fcdian surgeons were apparently as successful with fractures and 
^ocations. However, Lafitau’s assertion that they did not perform 
le® weU with rupturra and hernias and that broken bones mended in 
8 days tun es is questionable. The important fact historically is that 
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these early medicine men undertook the same types of cures that 
are also attributed to their descendants, the present holders of the 
Little Water Medicine bundles. As specialists the latter profess 
some feats that were formerly performed quite commonly by hunters, 
among whom dislocations were more frequent than fractures. 

If flD rndlan has dlsclcx^ted Ms foot or knee, wnen kuntlBg alone, he creeps 
to the next tree, and tying one end of his strap to It, fastens the other to the 
dislocated Umh, and lying on his back, conUnnes to pull it till It Is reduced.*^ 

Sweat lodges were formerly a common feature of Indian settle* 
ments throughout the eastern woodlands. They were usually situated 
on the edge of the village near a stream where they served not only 
as a regular place of bathing, but provided also a retreat for the 
shaman and the men of the village who gathered there for ceremonies 
and recreation. The songs which the Medicine Company continues 
to sing among the modem Iroquois refer to prominent features of 
sweating, for example the rise and condensation of steam, juggling 
with hot rocks, and tossing songs across a fire; but the sweat lodge 
has not survived as a reservation institution. Nevertheless, for a 
time it came into general use among the colonists of the maritime 
provinces of Canada,^ Lafitau’s description is probably typical of 
those in use among the Iroquois: 

Tb© sweat batb is tlietr moat universal remedy, and of it they make a great 
deal of use. It is equally for tbe sick and tbe beaitby, who thus are purged of 
abundant buntors, wblcb can bave cbanged tbeir bealtb, or miglit in tbe end 
have caused indrmitlce. 

Tbe sweat batb Is a little round cabin 6 or 7 feet blgh witb room for seven 
or eight persons. Tbls cabin Is covered with mats and furs to protect It from 
tbe outside air. In the middle of it they put, on tbe ground, a certain number 
of cobbles, which they have left for a long time in tbe fix© until they have 
been tborougbly heated, and above these they suspend a kettle fuU of cool 
water. Those who are to sweat themselves enter this cabin nude, * * * 
and having taken their place, granted that they are not to transact secret 
businesB, • * • they begin to stir cstraordlnarity, and to chant, each hts 
song. [Singlug individual songs of power is a feature of the Medicine Society 
meetings.] And as the tunes and words are often entirely different, it is the 
most disagreeable and discordant music to which one could possibly listen. 

From time to time, when the stones begin to lose their action, they revive 
them by dousing them with a little of this cold water which Is in the kettle. 
This water no sooner touches the stones than a vapor arises which fills the 
cabin and greatly increases the heat in It. They throw in each others’ faces 
this cool water in order to prevent themselves from fainting away. In an instant 
their bodies stream from all parts; and when their pores are weU open and 
the sweat is most plentiful, they go out aU singing and run to plunge Into the 
river, where they swim and flounder with much vehemence. -Some, the ill ones 


»Loskiel, George Henry, History of the mlflsion of the United Brethren nmoDg the 
iDdiana of North America, LaTrobe trans., p. 112, hondon, 1794. 

IT Bailey, Alfred Goldsworthy, Tbe conflict of European and eastern Algonklaii culturea, 
1504-1 TOO Pttbl, New Brunswick Mus., Monogr. Ser. No. 2, p. 121, St. Jolm, New Bruns¬ 
wick, 1&3T- 
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In particular, content themselves with being sprinkled with cool water. It 
seems as If the contrast of an extreme heat with the cold of the water ought 
to seize them and cause their death • • • : but they have the experience that 
It does them good which Is worth more than aU the arguments that one could 
make.* 


Plant remedies passed between Indians and the colonists of New 
France, New England, New Netherlands, and New Sweden to an 
extent that is difficult to estimate, and frequently the direction of bor¬ 
rowing is uncertain. Seventeenth-century explorers were on the 
lookout for plants which had been reported as sovereign remedies 
against maladies that were current in Europe, and the rapid spread 
from country to country of certain species like tobacco and sassafras, 
the history of which is known, attests their wide acceptance into 
European medical practice. Inadequately described at first, some 
were to remain unknown botanically until the middle of the 
eighteenth century, when collecting was stimulated in America to 
furnish seeds for exotic gardens that were becoming fashionable in 
England, and systematic botany was coming into being under LinnS 
in Sweden. The latter’s student, Peter Kahn, and John Bartram, 
Philadelphia botanist, were often hard put to decide which plants 
a century after contact were native and whether Indians or colonists 
first used them medicinally. 

The first plants reported by whites and adapted to their use were 
those which Indians used most effectively. In New France, follow¬ 
ing the mystery of Cartier’s Annedda, Champlain (1615) and Sagard 
(1623) reported several medicinal plants which were long known 
only by their Huron names that sometimes enable us to identify 
them. There are two poisonous plants, for which there is a long 
subsequent literature relating to their use in Huron and Iroquois 
suicidesmayapple {Podophyllvm peltatum L.), which has an ed- 
ible fruit but a poisonous root, was clearly described by Champlain: 
and Sagard discovered Ondachiera, the deadly waterhemlock iCicuta 
nuteulata L.) (pi. 3, fig, 1), When individuals accidentally ate of 
these, the Indians employed powerful emetics as antidotes; but they 
also understood that mayapple furnished a reasonably safe cathartic 
if they first baked the poisonous podophyUin from the roots: and 
of waterhemlock and its relatives their physicians used the roots in 
pouhices for reducing sprains and inflammations. The plant known 
as Oscar, “which does wonders in healing all kinds of wounds 
ulcer^ and other sores,”« might possibly be bloodroot, basswood, or 
sassafras; but phonetically, it more closely resembles onaahra’ge'ha 


■ Lafltau, J", P*, op. cit.p voL 2, pp. 871*-372 
“^Pentoti, WllUam N.. Irot«ol8 suicide • •' 

Pap., No, 14, pp. 80-137, 1041. 


Bar, Amer, Ethnol. Bull, 128, Aathrop. 



IROQUOIS HERBALISM—^FBKTON 


515 


(M.)j *^stuinp dweller,’’ the common elder (Sanibucus canadensis 
L.) or ’oskaa’a (S-), the hellebore (Veratrum viride Ait),^ the use 
of which in wounds has been attributed to the Penobscot and Micmac 
of Maine and New Brunswick®® 

The ignorance of the French colonists provided the Indians with 
some amusing incidents when they did not have tragic consequences. 
A French boy in Sagard’s party set all the Hurons laughing when, 
having teased some Huron children to share with him some roots 
called Ooxrat which they were carrying home, he burned his mouth 
badly on biting into them. The appreciative savages had long since 
learned to avoid the stinging pain by first cooking tlae roots in hot 
ashes, and they used them ♦ ♦ ♦ •■‘to purge the phlegm and 
moisture in the bead of old people and to clear the complexion; 
* ♦ Although Ooxrat has the smarting properties of hellebore 
’oskaa’a (S.), the dried root of which is still popular among tlie 
Iroquois as a snuff for catarrh, the fruit and root of Indian turnip 
or Jack-in-the-pulpit {Arisaema tHfhyllmn (L.) Schott) produces 
the burning sensation mentioned, and its Cayuga name, owa'hyshra’, 
‘^cradleboard,” resembles Huron Ooxrat 

A reporter on New Netherlands, in 1650 without professed skill 
in medical botany found with little effort over 30 plants which he 
thought might convey a notion of the valuable plants that were 
known to the Indians. Of these, we recognize the following as herbs 
in use among the Indians of later times: polypody, mullein [intro¬ 
duced from Europe], priest’s shoe, sweet flag, sassafras, crowfoot, 
plantain [introduced], mallow, laurel, violet, blue flag, wild indigo, 
Solomon’s seal, dragon’s blood, milfoil, fern[!], agrimony, wild leek, 
snake root, and prickly pear,®® 

The histories of three American plants that were used medicinally 
by the Iroquois—sassafras, maidenhair fern, and ginseng—are suffi¬ 
ciently documented to serve as examples of how the Iroquois con¬ 
tributed to the introduction of medicines into Europe, Sassafras, 
known to the Seneca as “rough bark” (ono'hsta’shc’), and employed 
by all the Iroquois as a tonic, created at one time in Europe a stir 
like that which attended the discovery of the sulfanilamide series or 
vitamins in our own time. Brought to Spain after the middle of the 
sixteenth century from Florida, where French Huguenot refugees 


noie. —The orthography emplojed Id this paper for writing Iroqoola words 
has the same phonetic raliiea as explained la ^^Iroqaols suicide * * cited above, with 

a single Idd ovation of denoting long Towela bj doubiing them Instead of employing a 
raised period after the vowel to Id dies te length. 

AbbrevfatioDs In parentbeses following lodlan words refer to dialects of IrcMjuols m 
follows: (M.i, Mohawk; (Oe.!, Oneida; (Oa,>, Onoadaga; (C,), Cayuga; (S.), Seneca; 
CT,), Tuscarora; and (Q,), Buron, 

“ Stone, Eric, op. clt., p. 80, 

*>The representation of New Netherlands 1650, p, 2S8. 
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ImU liiarneti its use in fevers from the TTtdiflna, it was d^ribed bj 
Kicoloeus Moncirdes of &cyill& (1574) end it wad soon imported into 
Europe iu quantities. Spreading from Spam and Franco, ita 
use bocamo wcU Imotm in Fraukfurt-on-Iirain in 15S3 and in Ham¬ 
burg a feiv yeeni later. Sneh waa the demand for die nev drug 
that soiling expoditiona irere desfuitched to America to bring bock 
the root. An Engliah merchant^ llortin Pring, vLdted (.he American 
coast in the summer of 11103, and jraliowing it to tbo south in search 
of fiassafiaa, ret umed in August, his two vessels laden. Until 1622 
Tiigima colouista were drawing the roots iu winter and exporting 
them in quantities equal with tobacco.** That »o valuable a drug 
was growing in the Iroquok country naturally pleased die founders 
of die sliort-lived French colony at Onondaga Lake. Its presence 
there furnished Father Dablon a pleasant topic to offset some hATd-> 
ships in writing “Of the nature and peculiarities of the Iroquois 
country.’* * 

Bat the tnMt codqjuoh aaC looet wGaderful plant to those coontxlEa la that 
which call the uuivenat plant, heeatme Its ieavea, when powderHl, 
heat la A Short time wdudUb of all hledBi these lea?i» which are as broad ea 
oae’e boEd, havs ths shape of a IHy as depleted la heralCir: and Ita rocta hate 
the NDeU or the laniaL The most vivid soirlet, the hrlabtcst arsea, tho moat 
tuitural fellow and Grange ef £urope laile befere the varloua colura that onr 
oivagea {the Oaondaga] procure from ita ronta** 

Smeo it hud been long known among them os a blood purifier, it 
is not strange that the Iroqiiuia employed it to heal venereal diseases j 
Lodtau implies diis «» was ancient on the Buppositiou that, these 
tliaaaaes were carried from America to Europe." Rugardless of the 
origin of these tUseasea, by the middle of the eigbt^th century, 
when tbe work of BCalm and others made sossafraa known botouie- 
ally, its use in their cure was so well known in Europe thnt English 
gentlenieii had abondoneif drinking tea of sassafras flowers lest in 
using it they be susjwcted of infeetion. Kahn found the Swedes of 
Kew Jersey putting sassafras {>eelB in beer, recommending it as an 
insecticide against motlis and bedhugu to the eitent of turning their 
bedpoKta out of the wood; and tbo women of Philadelphia had 
learned, perlmjw from the Delaware, to make a fast orange dye for 
wor^etis. Medicinally, on old Swedish wainan bad employed a de¬ 
coction in ensK of drop^ ; and near Albany, Kahn feamed that the 
natives [Mobawksf] considered the sossafraa valuable in treatinff 
diseased eyes. * 

Thar take the yonaf diiM, tut them into halve*, Acnpt ml the pith or the 
medolla, put It lata water, aad eftw It has luen there for Mme tline. wash the 


■ ^“*'r ^ Oamfra*, in Ftaanuctatjekl tor., DrrrmlHiv 18SS. i>o 
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ey«S with tlie ■«"■« waUf * • * lutlTBB fnim CiUWUIu form^irly • ■ ■ 

cat Uw vtifjoa IB two, ioolt ont Uie plUi and presarred It and took It hom« with 
difon to lue M dcsertbed abons.*^ 

Lirijig at Ui6 northern eitcemity of iU range Iroquois uws of sa^- 
fros were ^ical of tribes farther south. S«iei» warriors earned 
tho powdered leaves, women employed it as a tonic after cbildbirtlif 
it was used in cases of rbeumatiam, and as a diuretic; and drinking 
sassafras tea as a spring tonic has so long ago become a part of life 
on tha American frontier that tho Iroquois hefbalista have icgulariy 
peddled tlw root bark on the doorsteps of thoir white neigbbara. Iti 
tile modem eit; of Buffalo the Indians sriU maintain the right to sell 
sassafras and wildilowerB in season from certain street comanj, and 
cboioo stations are annually preempted by old Identtca families of 
Tonawanda and Cattaraugus reservations. Some years ago when the 
niatrons of the Dear clan at. Tonawanda were conaidering tli« nomina¬ 
tion of a recently deecosed Sadiemi semeona remarked, **A11 be 
knows la how to sassafraa r 

Maidenhair fern pedatitm. L.) attroeted much attention 

in the colonies. Per its moat con^icuous feature, a black stalk, it 
was generally known among the Iroquois os "block abins^* (deginym- 
daa3i'a(S.); degodjBinahumJi*s(M.)). Mohawk and Seneca mid- 
wives recommetid it as a haemostatic in women’s disorders and for 
labor pains. Its earlier uses which made it a popular export item 
from New France do not appear in Waugh’s or my own notes. 

Sereml people in Albany and Canada SKtnred • * ■ IKalm (174811 
• * * Ibflt Its iMTCa W-EJ^ TEf^ £ilDC^ Qfi^l lllBtfilA Of tEH, iU IWUSUJUptlpD, 
cougla, aud aU kinds of pectoral dlwaae*. This User nuTe learnt frum Uie 
IndtaJiB wlin liate ntad^ ose of the plant for tiiow purpoeee sJace ancient times. 
Thla AznerJeun mciid^n hatf is Tcetoned pneferuble kk Borgery TO that wMcli we 
hav^- In Enrupe and therefore thej send a jrent of it to Francs 

every year." 

Tho export trade in this drug was flouri^ing iis early as 168T when 
Labunt&n observed * * • “tliat the Inhabitants of Quehea pre¬ 
pare great quantities of its Syrup which th^ send to Piaria, Nmtty 
Jiwan^ and several other Cities in In day the 

price varied aoconjing to the grade of the plant, the care taken in 
preparing it, and tike quantity available at Quebec. The Indians 
went into the bush about the first of August and traveled for above 
Montreal in quest of it. 

Of greater importance financially and more pertinent to a discus' 
son of Iroquois harbaliSQi than aithar sassafras or maidenhair fern 

"PMM CAla’i ervTBli la Noitb Aanln, pp. ISO, ITO, TO, flCO, Adolph n. CtiiMP. bO, 
Saw Tork, 1S3T. 

■■ Id«D, p. 4SS. 

m Swan. opi. dt, tqL 1, ^ CSS. 
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WHS the discoTcrj of an AmeHcun specie^ of ginimig in tbs forests 
bordering tliB St. Lawrence near Montreal. Ginseng had long bran 
a tommon drug among IroquoiK herbalb^tS) wlio set no especial Tnlue 
nn it until an artificial demand for it created by the Chimi trade 
raised the price out of all jirctportion to its medicinal properties. The 
burgeoning trafiic in ginseng was to bring illuaiuna «f wealtli to ilie 
French colonists and stlimilaie a search bj both wbito and Indian 
ginseng hunters that within a century would nearly eradicate the wild 
species in nortbcikstem America. Tn 1709 Father Jartoux, n French 
Jesuit miasionary to China, had undertaken n mapping e*iiedition 
into inner Tartaiy for the Chinese monarch; there he met 2,000 no* 
tires occupied in hunting a plant they coiled Gin-seng, which com- 
nionded a high price in oriental cnarhets;, Jartous’a paper entitled 
“A Description of n Tartarian Plant colled Gin-seng,'’ which ap¬ 
peared Eubsequcntlj in the Phihiaophiail Transactions of the Koyol 
Society of London, came to the notice of n brutlinr Jesuit, Joiseph 
Francois Lnfitau (1681-1749) during a visit in 1715 to Quebec on 
business for Eus mission (pi. 1, fig. 1). Lnfitmi had come out to 
.^ericn in 1711 to work among the ClaughDawnga band of Jtohawk 
living at Sault St. Ijouis above hloiitreal where he remained during 0 
years before returning to France. Scholar, botanist, and ethnologist, 
he vainly searched the Relations for references to the plant, but be 
did not abandon hope of Ending it growing in Goumla, iho ecology 
of which inipresiaid him as being markedly similar to that of Tartiiry; 
and in thinking that the native Indians wem related to Tartars, ho 
was among the earliBBt writers to develop the theory of an Ajfiatic 
origin for the American Indian. He held that because the French 
of Canada had an inferior regard for Indian medicine, the Jesuite 
had not made such remarkable dieouveriea os their brothers in South 
America, Sparing what time ho could from missionary labors and 
exercising care not to antagonue his brothers by seeming to confirm 
native beliefs, or to amuBe the suspicions of the Indismi by mani¬ 
festing too much interest in their culture, tie made field trips and 
questioned Mohawk herbalists who appeared to know many of the 
exccUeiit plants that filled America, To one who displayed such 
reaped for their ability, they were not op^Kieed to divulging some 
private knowledge which was hereditary m their families, and they 
encduraged him to continue his search because they hoped he would 
find the plant which he described to them. Although such interviews 
were not advancing the ginseng quest, they provided a body of data 
on native customs and beUefa and medical information which ha 
hoped would increase knowledge of savages ojid medicine in Europe. 
Retaining memory of the plant thruugh the winter of 1715-16 and 
having passed S futile months in the field, he unexpeetedtj en¬ 
countered the mature plant growing within striking distanoe of a 
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house. To his dismay, a Mohawk woman, whom he had been employ¬ 
ing to search for it on her own, recognized it as one of their ordinary 
remedies, but on the strength of his account of the regard the 
Chinese had for it, she cured herself nest day of an intermittent 
fever which had been plaguing her several months. She had pre¬ 
pared a simple infusion by soaking in water the root which she 
crushed between two stones. Moreover, at the sight of Jartous’s 
plate, which was sent up from Quebec at Lafitau’s request, the 
savages recognized their plant of Canada. *^And as we had in hand 
the different species, we had the pleasure of seeing a description so 
exact and in such just proportions with the plant, that it did not 
lack the least detail of which we had the proof before our eyes.” 

Lafitau published 2 years later his discovery of the American gin¬ 
seng species, Paiuix guinquefolium, L., in the now rare “MImoire 
• * * concemant la precieuse plante du Ginseng, d4couverte en 

Canada,” Paris, 1718. Dwarf ginseng or groundnut, Panaz tri- 
folium L., which is still collected by the Seneca of western New York, 
has the same Iroquois name. Both the Iroquois and the Chinese 
singled out the same feature, the bifid root, for naming their respec¬ 
tive species. Lafitau held that the Iroquois (Mohawk) word Gar- 
ent-oguen, composed of orenta, hips and legs, plus -oguen, bifid, and 
Ginseng derived from the Chinee, “looks like a man,” were demon¬ 
strable parallels in evidence of the Asiatic origin of Indians, and he 
attributed their similarity to diffusion. Recent recordings of various 
dialects—degar^ido'g? (M.), degaij’do'gt (Oa), diai{’do'g?’ (C.), 
djf’,=, or djai’' dog{' (S.)—‘also mean “crotched body,” the spindled 
root resembling the hips and legs of a mam 

In the same report Lafitau observed how ea^ it is, even for the 
Mohawks who distinguish between them, to confuse ginseng with its 
relatives of the Aralia family. The Mohawks of his day called wild 
sarsaparilla {^Aralia nudicaulis L.), Tsioterese, ^long root,’’ and their 
descendants, djohde'rise. A third naember he did not name but 
described; the modern Mohawks call it djohde'risegoowa, “great long 
root”; it is spikenard {Aralia nudi^atdw L,) The latter two are gen¬ 
erally used among the Iroquois in blood remedies and for colds, but 
the Caughnawagas of Lafitau’s day ranked sarsaparilla among their 
vulneraries. Besides, like the modem Seneca, they used ginseng to 
purge babies on the cradleboard and as a stomachic; and the Huron 
and Abenaki, whom he says were one culturaUy, employed it for 
dysentary. 

If the report of Lafitau’s discovery and the arrival of the botanical 
specimen in Paris created a furore in the Royal Academy, at least 
in Canada there was no question about the value of the plant. 
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Tlirouglioilt the summer of LTlG Tiitiianei enjojed a lurrativ'e business, 
Toot and marketing it in Montreal. A 7 «ar later a lieu¬ 
tenant of French infantiy introduced its use among the Fox of Green 
Bay, Wis. Very soon the French began co!le«H.ing it, with the help 
of Indian diggers, for export to China. There it was desired In such 
quantities that dried ginseng presently became an important article 
of commerce in Canada. At first, traders were able to buy at S 
franca per pound in Quebec and seU the root for as high as 23 francs 
in ^ina. In the early stages of the trade, the Compuny of the 
Indies, who then oontroned the trade, permitted the ofiicerB of their 
TeasiLs to rarry ginseng as a private speculation. But in 1761, when 
they perceived that these individuals were grciwing wealthy, the com¬ 
pany ruserred the trade for tliemselves. For a year thereafter the 
price rose steadily heyoiid 33 francs in Canada until, to meet the 
tremendous demand of the Rochelle merchants, an immense quantity 
was dug out of seasoii, improperly cured hi ovens and ^hipped to the 
French port, amounting in value to n half tnimon francs. TThen 
part of this arrived in China the Canadian root acquired sucli a bad 
reputation that soon after 1754 the China market was virtually lost.« 

Although tliB status of the ginseng trade when Kahn visited 
America is typical of colonial commercial interests during the eight¬ 
eenth century, fortunately the soma iieriod witnessed the rise of the 
scientilic spirit in Furojie and America. Eurnpean physicians and 
botanists coming to this country were inspired to colleci New World 
flora and fauna for expanding the new systematio biology which was 
emanadng from Linnf in Swetlen. Moreover, in Englnnd both the 
commercial and scientific interests in plants centered at the house of 
Peter Collin, London merchant, whose importations from America 
enabled him to stir up enthnriasm for gardening; and GoUinson's 
unflagging 2Cal as a letter nxiter made his address the intemationai 
e^aiige for botanical hi formation. In America, Philndelphia was 
the scuentiBC capital of the Middle Colonies. On a neighboring farm 
hved dolin Bartrom (16D^1777), who pxperimented with herbs and 
was influenced by Franklin to study botany Heriouflly, Ha became 
Colli^n’s American corras^mndent, and in the <!oorse of ihair long 
relations), Bartrom collected and shipped nearly 200 siweies of Amer¬ 
ican plants and seeds, which CoUinson introduced into botamcal 
^ana of England. Subscription funds raised by ColUnBoa enabled 
Bartram to travel widely through the country of the Delaware and 
Iroquois. Although Bartram fundaiiienlaUy'distrusted Indians, he 
made good observations of their customs on an ex^aslitiotl to Onon- 
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dogn (1743),*^ but b^icol]^ be was disinclined to publish* His 
botanical garden in Philadelpiiia, boifoTer, ia a mute moniiment to 
his unrecorded knowledge oi Indian plant usea, which were in pjirt 
»et down by Peter Kalm, Linnfi'a student, who found Bartnim chanu- 
ing but coinplained that he wrote too little. Through CoUinson, 
Barlram and later Kalm met Cadwalkder Golden (1688-1776), 
physician, aurreyor, historian of the Fire Nations, and politician, 
who, during a busy life in Amarica since 1710, had. neverthelese found 
rima to employ Limit’s classification for tbs pbnta of the New York 
colony. In correspondence CoMcn discussed the virtues of Indion 
remedies with Mitchell and Collinsnn in England, maintaining tliat 
common lard ik a more trust worthy deterrent for rattlesnakes than 
the widely touted Seneca snakeroot {Fol^ai^l L.),** 

From as early aa 1650 various writers had rsported that Indians 
knew demonstrably powerful aolutiotjes against rattiesnake bitus- 
When traverfling snake-infested country they consiantly carried dried 
roots to chew and spit on tlialr hands to repel the reptiles or to 
counteract the venom. Possibly several speciea were employed in 
different localities. The ‘'true rattlesnake roof^ has been variouEly 
identified by Losidel and the Moravians as PoZj/fjtda. L., or as 

Virginia snakeroot (Arieial^cAiti aerpenta/ia L*), or os wild ginger 
(dsttrtifn canad^e L.), which the Senecas call snakeroot 
(oskwfii’da’); however, Kaim reports that Bartram learned of the nw 
of stoneroot or horse balm {CoUinaonia ctmadsnsia L.) from Conrad 
Weiser, Mohawk*speaking interpreter for the Sii Nations; while 
Charloviiii and that professional elk hunter of Penneylvnnia, Pliillip 
Tome, mention a jellow-floweTwl member of the aster family (coiii- 
positae), which tlie latter calls oxwood, and describes as having a 
slender stem and limbs and yellow flower like the sunflower; but the 
modem Senecas of Allegany maintain that the ‘^ttlesnakc killer” 
(osfgweg’t odfnyos) ig either PtvnaTftkss aUta It. or P. cUiaiiTna L., 
deMignuting tlie latter the male and the former the female of the 
species,** 

Golden was not alone in questioning the value of Indian remedies 
which had gained wide currency among colonists on the frontier. That 
the Dutch, Swedish, English, and French wttlera had borrowed many 
wrinkles in herb therapy from the Indians in addition to the very rich 

*^Swtnia 7«bg. Otacrwailiiiii • * • la amnat * * * to Onnodisn, etc. 
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medical folklore which they had brought with them from northeim 
Europe is plain from the journal of Peter Kalm’s Travels (1748-1751), 
already referred to, and the Materia Medica Americana (Erlangae, 
1787) of Johann David Schoepf, the Anspach-Bayreuth surgeon who 
came over with Hessian troops during the Revolution and traveled 
westward during 1783 across Pennsylvania to Pittsburgh and the Ohio 
River as far as Kentucky, returning via Annapolis and Baltimore. It 
is not diflScult to appreciate the belief in Indian remedies when such a 
pious man as Heckewelder, missionary to the Delaware and Shawnee 
in Ohio, testified that he had been cured of a stubborn rheumatism by 
Indian sweating and that “The wives of Missionaries, in every instance 
in which they had to apply to the female physicians, for the cure of 
complaints peculiar to their sex, experienced good results from their 
abilities.” " In fact, so many Indian herbs had been reported by bot¬ 
anists and their uses as practiced by so-called Indian herb doctors in¬ 
cluded in herbals of the period (as witness John Bartram’s “Descrip¬ 
tions, virtues, and uses of sundry plants of these northern parts of 
A.w^nca\ and particularly of the newly discovered Ifidiun cure for 
Fenerea; Disease {Lohelia «p. L.)” (1751), and C. S. Rafinesque’s 
“Medical Flora” (2 vols., Philadelphia, 1828-30)), that Dr. Benjamin 
Rush (1745-1813), the eminent physician of Philadelphia, decided to 
investigate the desirability of admitting Indian remedies to the phar¬ 
macopoeia. Having returned to Philadelphia in 1769 fresh from med¬ 
ical training in Edinburgh, Rush not only attracted wide attention for 
advocating a new “system” of medicine, but he soon joined the Ameri¬ 
can Philosophical Society and began delivering papers on social issues. 
Among his first was an oration, delivered February 4, 1774, on the 
diseases of the American Indians,** a tour de force of reasoning based 
on a few facts taken from Lahontan and Charlevoix, some personal 
observatiom of pulse rates taken on Indians visiting his city, and evi¬ 
dence furnished by persons of experience with Indians, notably Dr. 
Edward Hand, surgeon of the 18th regiment at Fort Pitt. Neverthe¬ 
less, lacking personal observations, Rush maintained that Indian soci¬ 
ety was adapted to a vigorous mode of life and, therefore, he discussed 
the etiology of their diseases in terms of birth, diet, division of labor 
by sexes, and common customs—a rather advanced viewpoint ethno- 
logically. Their pediatrics—cold baths, cradleboard, and 2-ycar lacta¬ 
tion—he found conducive to survival of the fittest, and tlieir mixed 
diet, periods of alternate rest and exercise, late marriage, and matura- 
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tion of men and women, he thought productive of a hardy race whose 
women suffered few miscarriages and endured childbirth unattended 
in a secluded hut and whose men inured to warfare and dancing were 
vigorous and seldom neurotic. Himself an advocate of the use of spe¬ 
cial remedies for each disease, Bush questioned the value of Indian 
specifics on the grounds of secrecy—such medicines cease to work cures 
when the formulae are known—and the undifferentiated nature of 
Indian society which did not permit a hunter-warrior to give his entire, 
abstracted attention to herbalism. He insisted that Indians fail with 
the wrong remedies; and he questioned the antivenereal qualities of 
Lcbelia ap. Li., Ceanoth/aa ap. L. (New Jersey tea), and Ranunculua 
(!) which Kalm had reported. Dr. Hand had informed him that the 
Indians around Fort Pitt employed a plentiful decoction of the pine 
tree, but that they sometimes died. He noted that the Indians had 
acquired from the whites the art of phlebotomy, which he dogmati¬ 
cally defended in his own practice, and in contrast he concluded, as if 
to purge the materia medica of his time, “We have no discoveries in 
the materia medica to hope for from the Indians of North America.” 

Despite this judgment Rush was still open to conviction a number of 
years afterward. On May 2,1791, he transmitted a list of questions 
concerning matters of health and medicine among the Indians through 
the Secretary of War, to be asked by Colonel Pickering on his mission 
to the Sis Nations." 

To summarize this discussion of white borrowings from Indian 
medicine, we offer a partial list of the more important medicinal 
plants used among the Iroquois. Notwithstanding Rush’s prediction 
to the contrary, some of these have been retained in the U. S. Dis¬ 
pensatory: Maidenhair fern {^Adiantum pedcU/um, L,), ground pine 
{Lycopodmm obacurum D.), white pine {Pimua atrohua L.), hemlock 
\Tsmga conadenaia (L.) Carr.), Indian turnip {Ansaema triphyllum 
(D.) Schott.), sweet flag {^Acorva ccdcttnua D.), in singing; Indian poke 
{Veratrwm viride Ait) for catarrh; bellwort {Vvularia perfoliata 
L.), blue flag {/m veraieolor L.), sweet gale fern {Myrica aapleni- 
folia L.), used by Mohawks for toothache (Kalm); white oak bark 
(Quercva dtha L.), an astringent; slippery elm ( Vlmua ftdva Michx.) 
in childbirth; wild ginger {AaaTvm, canctdense D.) in fevers; and the 
dyeplant, poke weed {Phytolacca amerieana L,). Several members of 
the crowfoot family were borrowed: Goldthread {Coptic trifolia (L.) 
Salisb.), goldenseal {Hydraatia canadenaia L.), Canada anemone 
{Anemone canadenaia L.), and black cohosh, snakeroot {Cimidftiga 
racemosa (L.) Nutt.) (pi. 4, fig. 1). Mayapple {PodophyUamt pdtaivm 

"Pickering Papery (hiatorlcal ittdei), ColL MassachtisettB Hist, Soe* Boston, ser a 
voh 8, p. 233; Pickering Papers toI. ei, folloi. 1S3, 302 £wltti anfweraL See also 

Benjamin, |fi Dictionary Anier. Blogr., toL 16, pp. 227^231. 
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L,), blue cohosh or papoose root {CmdofhyUum thaUctroideB (L,) 
Michz*), sassafras {S* ofjioifyde Nees & Eb.), and bloodroot 
gumaria canadensis Ii») are well known, Indian physic or Bowman’s 
root {Gdlema trifoliata (L.) Moench-) (pL 3, fig, 2); svens (ffewm 
canadense Jacq,, G, rmale^ and G. strietum Ait,) in fever and diarrhea; 
cherry {Prurms serotiTUi Ehr,) bark for coughs (pi, 4, fig. 2); yellow 
wild indigo (Baptism tinctoria (L,) R, Br.) and cranesbill {Gercmiwm 
maculatum L.) for snnmier complaint were common colonial reme¬ 
dies. Sumac {Rhm typhina and glabra L.), New Jersey tea {Ceano- 
thus amerioanm L,), basswood {TUia amerieana K), and leatherwood 
{Dirca pcdmtris L.) bark for wounds, and willow herb {EpUabiunh 
angustifalium L.) were not so widely known. 

The ginseng family— guinguefoUimi and F, trifolmm L,, 
spikenard {Aralia racemosa L.), and wild sarsaparilla (A. nttdicaidis 
L.)—^have been discussed, as well as waterhemlock (Cicuta TiumUata 
L,). Angelika (A. mUosa (Walt.) BSP. and A. atropurjmrea L.) 
for respiratory ailments is less known than several species of dogwood; 
Comm fiorida L. for arrows, spoons, and weavers’ tools (Kalm), and 
red osier dogwood (G, stolmdfera Michx.), **green osier’’ {€, (dterm- 
foUa L. f,), and kinnikinnik {0, Amarmtm) as reties; while Prince’s 
pine (CMmaphila vmheUata (L.) Nutt,), trailing arbutus (Epigam 
repens L.), and wintergreen (Gavltheria prooumb&ns L,) for blood 
and kidneys were used by Indians and settlers alike in western New 
York, 

Likewise, ague weed {Gentmna guingysfolia L,), two species of the 
dogbane family {Apocynum (mbdrosaemifolimn L, and A, cannabimimh 
L. [Indian hemp]) for fiber and "bloody flux” (Kahn), and stoneroot 
(ColliMonia cofnadensis L.) were formerly much used by Indians and 
are still demanded by traders. Indian tobacco (Nicotiana rustica L,) 
is still grown by the Iroquois, and hare figwort (ScrophulaTia lanceo* 
lata Push.) for blood, and Culver’s root (Veromm virginica L.), a 
cathartic, are the great medicines of the Allegany Senecas, Par¬ 
tridge berry (MitekeUa repens L.) or “squaw vine,” feverwort (Trio- 
stewm aurantiacum Bicknell), elder (Sambnam canadensis L.), a whole 
pharmacy in itself whose proper use the Iroquois understand, and sev¬ 
eral species of Lohelia^ the great “love medicine” of the Iroquois, for 
which Kalm advanced antivenereal qualities, enter into many 
formulae. 

Of the many species of the aster family (Compositae) that the Iro¬ 
quois employ, some were naturalized from Europe, but use of two 
groups was acquired very early by the whites: Joe-Pye weed (Eupa- 
toriuin Tnaculatvm L. and purpureum L.) for kidneys, and thorough- 
wort (E, perfaliatmn L.) for colds and fever (pi, 5, fig, 1); and rattle¬ 
snake root (Prenemthes alba L. and altissima L.). Life in the colonies 
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demanded that the settlers rely on a greater number of native plants^ or 
Indian herbs, than were ever introduced into Europe to supplement 
the few garden herbs which they brought with tham. 

Species that the colonists had introduced for their gardens and 
undesirable weeds unwittingly brought here were either traded or soon 
escaped to the Indian country, where new uses were devised for tVicm. 
Both Lafitau and Loskiel agree that the Indians were eager to learn 
the remedies of the white physicians, and because of the lack of 
botanical literature among Indians one cannot decide what uses for 
native plants were acquired from Europeans. Nevertheless, we can 
be certain that specifics and formulae based on species that are known 
to have been naturalized from Europe were devised during the contact 
period. In 1748 Ealm observed m u l l ein (VerbasouTn tbapgus L.), 
which the Swedes called wild tobacco, growing around Philadelphia; 
and a half century later it had spread in great abundance to newly 
cleared fields and burnt-over areas in remote parts of the country, 
where sometimes not a plant was found in 100 milea*’ Iroquois use of 
mullein leaves in poultices for swellings and sores either was acquired 
from the whites or dates from the eighteenth century. In the case of 
Chenopodiwm album L. (lambs quarters, or pigweed), which Kalm 
noted growing on dunghills, streets, and grain fields around Phila¬ 
delphia in 1748, the Mohawks have commemorated its introduction by 
naming it skanadanyum'we, “loves the village,” because it grows along 
paths and roads of settlements. A. similar Iroquois name, deya^oowq* 
(S.), diyuhahq^wih (C.), “covers the road,” marks the naturalization 
of broadleaved plantain {Plcatta^o Tnajor L.). My Iroquois inform¬ 
ants recommend it as a poultice for skin injuries and they would be 
surprised to learn that their forebears had regarded it as an interloper. 
Ealm, writing in 1748 of his visit to John Bartram, says: 

Bartram bad fotmd tbis plant In many places on his tiavels, but he did not know 
wbetber It was an original American plant or whether the Europeans bad brought 
It oTcr. This doubt bad its rise from the savages (who always bad an extensive 
knowledge of the plants of the country) pretending that this plant never grew 
here before the arrival of the White Men. They therefore gave it a name which 
signified the (Englisbinan's) foot, for they say that wherever a European had 
walked, this plant grew in bis footsteps.'' 

Beadiuess of the Iroquois to expand their culture is moreover 
apparent from the following adventive plants that were added to 
their materia medica during the contact period: Yellow dock {Rtmex 
criapus L.), bitter dock {R, dbtmifolma L.), heartweed (P. persi&ma 
L.), milk purslane {Euphorbia maoulata L.), mallows {M<dva 
rotumdifolia L. and M. moschata L.), St. John’s wort {Hyperioum 

^ Ealjn, Peter, op* dt, p* 40; Porsli, Frederick, Flora Amerkae eepteiirlonalls, 2 toIs,, 
p. 142, London, 1814. 

« Kalm, Peter, op* dt, p, 64. 
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L)^ Queflw tace Ll), catnip {N^ptla 

^a/un'd I#.)t ALd peppermint {Hi^nih^ j;a/3rfri7a L.)> To the osier fam¬ 
ily belong Uift greatest numbcc of important introdnoed herbs. Of 
tbese^ elecampagne (/nif?ls hai^ium^ L*)t consumption meJicine, iB 
domesticated and os an escaiie on abandoned settlements ‘^grows like 
amiflower^ (gaTvo'* csoontha^ (S.)) (pi- 5, fig. £), ^^liiJe eommon yarrow 
{AoMiUa miHefolvim L.) along the paths “^grows like bemlock^* 
(gaDf'M^tliB^)^ with mayweed cO^Jdl Lt.) for snintner 

complaint^ and tansy ^uig&re K) with ita ‘^powerful 

odor” (galn^da^gerasgoowa (M.)) for sick headache; and to com¬ 
plete tlie list add burdock {Arctiuiii mirttw (HUl) Beriih.) for body 
pains, dandelion (Lemtodon L.) present sunee Ealiu^s 

day, and useless devilVpaintbnish (Bkr^chtm L.) 

which the birds diesemhiatad from Canada during the lifetime of the 
late John Armstrong (Seneca). 

In genera] these introduced plants bear Iroquois names betokening 
thair diilusioii during hUtoric times, or they nra named after native 
plants which they resrmblei. Names of new plants differ markedlj 
more than old plant names. Their uses, when not actually acquired 
simultaueoufdy or later frutn herbalKi are based on analogies with 
older plants. Significniitlj, they are not employed in ancieui cere¬ 
monies, and frequently ore not used at alL 
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Plate 2 



1. Log Houses of White pi 



2. An ONONDAGA Herbalist OF ax nations Reserve on Grand Rivef 
Ontarjo, Who Practjces an Ancient art. 

















Smithsonian Report, I94t.—Fenton 


Plate 3 


1. ONDACHiERA* THE DEADLY WATERHEMLOCK (CICUTA MACULATA L.). OF 

IROQUOIS SUICIDES, 



2. Indian Physic or bowan^s Root {Gillenia trifoliata (L,) Moench.) 

TRANSPLANTED INTO A SENECA HERBALIST^S GARDEN. 
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Plate 4 



^ ' {Seneca) collects, for Rheumatism. Black Cohosh 

(CIMICIFUGA RACEMOSA (L.) NUTT.) WHICH HE SELLS TO WHITE PEOPLE. 



Seneca Herbaust. Dries Bark of Wild cherri 

(PRUNUS SEROTINA EMR.) BEFORE TRADING IT TO DRUG MANUFACTuiiERS. 
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THE STUDY OF INDIAN AIUSIC 


o/ Atnerie^n 


CWiLh n put£i] 

TimiODCCTTON 

TIw iriT^ntion of this recording phonograph opened a new era in the 
preserration and Hindy of Indian muaio. Previous to that inTention 
it Imd been necessary for students to write down Indian eonga by 
hearing a pruoeeding which Involved many difficulties^ Dr. 

Theodor Baker, of Germany^ coUeeted songs in that manner in iSSO, 
and Dr. Franai Bnas did his reitiarkable work among the Central 
Eskimo in IB63-M, the resulting publication (Gih Ann. Hep, Bur. 
Anier. EthnoU) containing more than 20 Eskimo songs with a descrip' 
tion of their melodic form- Ten Omaha aonga wera preaenteil in a 
papier by Miss Alice Fletcher entitled ^The ^Wawan^ or Pipe Dance 
of the Omahoa,'^ published in 1334 by the Pealiody Miisaum of Amer¬ 
ican Archaeology end Ethnology. When the phonograph become 
available, ^liss Fletcher u.sed tlint methnd of collecting Indian 
and her name is forever linked with the study of Indian music. The 
phonugraph thnt she Uf?ed among the Omaha, about ISSO, was later 
transferred to the Bureau of American Ethnology. This mstruinenti, 
which 1 aaw in Mis?? Fletcher's home, had a high mandrel, at least 6 
inches above the plate of the machine, and she said it waa a sturdy 
instrument os it had ^traveled across the prairla in Iba waguti!! of the 
Indians and even rolled down hill without injury.^ Ninety songs 
recorded among the Omaha were transcribed by John Comfort Fill- 
more and contained in lliis FletdiePs book entitled “A Study of 
Omaha Music with a Eeport on the Structural Peculiarities of the 
Music, by John Comfort Fiilmora,”^ published by the Peabody 
Museum in 1S93. Twelve aluminum disk records of Axapaho, Kiowa, 
Caddo, and Comancho songs, collected by James and Charles Mooney 
in 1S&4 and marked Berliner^s Gramophone, pat. Nov* 8,1887, May 
15, ISSS,’’ are in. the possossiun of the Bureau of Amoiican Ethnology. 


' I^a«tw4r llu- AsWt Arduufol. ud Stfanol, Hananl Uslr., Pap,, toI. i. No. 0,1S0&. 
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It is believpd that th^ first priatcd account of the tise of A phono¬ 
graph among Indians was that of Jgs^o Walter Fcwkes, puhlifihwl in 
1890, In April of that jear Dr* Fe wlcea took a pbonogrspli operate 
by a tri^dle among the Paaaajnaqnoddy Indians in Maine and re- 
corded their language and songs* Stoen items were recordcil, fins 
of which tt'ere songs- filter he rsc^itided Zunl and Hopi aonga^ using a 
phonograph with storage battericSt hut be confidcred this less satis¬ 
factory than the instrument with n treadle* The^H pfonga were ti^n- 
scribed and studied by Dr. Benjamin Ives Gilman. With bis keen 
appreciMtion of advancement in Science, Dn Fewkes waa also a pioneer 
in the recording of Indian on disks, in the field* Assisted by 
Dr* John P. Harrington he thus recorded 11 Hopi songs- (See 43d 
Ann. Itep. Bur. Amer* Etlmol*^ p. 5^ 1925--lP2fi.) A complete record¬ 
ing eqiiiptnent whs infftalled by a piano companT and operjitL'd by a 
professional sent for the purpo^, and the di^ records were relea^ 
tbmugh commereial channels. 

It Is impossible to mention all the ethnologists and musicians who 
h»To included Indian music in their studies^ hut each has contributed, 
Ln some way^ to the development of tlie research- 

As this paper is to trace the developmont of my own work on In¬ 
dian musie, let me ficRt p::!:prej^ my appr^ciHtion of the inE^piratior 
and aid eis^tended to mo by these pioneers in a unique and highly 
ep^ialiEed field of research. Miss Alice C* FleteheFB work was 
called to my attention a year or two before thpi publication of her 
book on Ornaha mus^ici and with the encouragement of Professor FiB* 
more, whose acquaintance I bad made, T wrote to Miss Fletcher, tell^ 
ing of my intflre*t in the subject. If she had been loss gracious in 
her response it ia probable that 1 would not have takm up the study 
of Indinii music. My intere^s were entirely musical as I waa teach¬ 
ing piano and lecturing on the Wagnerian openis. Indian music 
attracted mo only as a novelty, but in 1895 I added it to my lecture 
subjoetSj presenting Mi^ FletcliaFft matprial with her permiRpion. 
I avniTed myself of every opportunity to hear Indiana singmg at 
fairs and other exhibitions, and began a eystematie counec of reading 
on ihe hiatory and cusloina of the American Indians. Ateut 1901 I 
wrote down a Sioux song that was sung by Good Bear Woman, a 
Sioux living in a small Indian village near Bed Wing, Minn. Among 
the attractions at the Loui^aua Pureha^ Exposition in St Bouls, 
in 19C4, was the old Aparhe warrior Geroiiimo. 1 stood behind him 
and noted down a melody that he hummed as he printed his niune in 
careful letters on irards to eell to passersby. 

Every year, on June 11* the Chippewa at White Earth, Minn., hold 
a celebration with much singing aud dandjig* I attended this cele¬ 
bration in 1905 and had my flr^ impression of Indian dancing on a 
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TvserratioD. Ttte Cbippewa are excel I nn t ntrigerH, the cosl:iiinei« were 
picturoequ«} aod tii« green of the prairie was u lore!j baekfroutid to 
the picture. Hour after hour 1 eat beaide tJie dunce circle, becomiujr 
more and more impressed with the idea that 1 must record C3t!ppewa 
songs as Miss FJetcher tiad recnnlec] the songs of the Omeha. Two 
years later 1 recorded Indian songs for the first time, from some of 
the same singers. The June 14 relehratlon was attended ngnin, in 1SQ7, 
and afterward, using a borrowed recording pbonograpb, I recorded 
songs sang by Big Bear and other Chippewa friends. Tenter I 
stopped at Onigum, on the Leech Lake Beservation, and the Tisit was 
at an opportune time. Flat Mouth, the chief of that band of Chip¬ 
pewa, lay dying, and the medicine men were treating him according 
to the customs of the Grand Medicine Society (Midewiwin) of which 
he was a member. This took place about a mile from the agency 
and I was the only whlto person present. The Indians knew I wbp 
there hut made no otijectiona, and I hsard songs that, were sung only 
on such an occasion. 

Prof. William H. Holmes, then Chief of the Bnrean of American 
Ethnology, Smithsonian Institution, in IBOT allotted $1C0 for die 
recording of Indian songs. I bought an Edison Home Phonograph, 
tbo best recording equipment available at that time, and returned to 
the Chippewa agency at Onigum to begin my work. The Indians 
remembered my presence there at the time of liat Mouth’s death, and 
the mediciofl man who was in charge of the reremony recorded many 
of his best songs. Several others recorded songs of the Grand Medi¬ 
cine and drew the pictures that represent the wonls of these songs, 
I tested the accuracy of this system of mnmnonics by showing the 
pictures to members of the Grand Medicine Society at White Earth, 
a few weeks later, and they sang the same songsi 

Later in the anme year, with a further allotment of funds, I went 
to White Earth, Minn., and continued my work. One of tie moiit 
important informants wos an aged mnti named Mninguns (Little 
Wolf), a member of the Midewiwin. 

A few weeks after this work at White Earth I went to Washington 
for tho first time, and gave a lecture on Indian music before the 
Anthropological Society of that rity. Maingons and several other 
old Chippewa were in Washington on tribal bnainess and consented 
to enact a portion of a Grand Medicine ceremony, singing the songs. 
They did this in all sincerity and it was received with rcfipect, but 
Maingane was eeverely punished when he returned to the reserva¬ 
tion. He was not allowed to enter the lodge when the Mkkwiwin 
held ita meeilngx the following June. His wife die<1, and this was 
attributed to his enacting part of a natm religious oereiiiony for 
the pleasure of white men. The Indians did not blame me, and the 
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rcsponeibility was placed entirely upon him and the other Chippowa 
who took part, but the regret remained- For thot reason 1 hare ofJen 
refused to taka material that \i surrounded by superstition- 1 tell 
the Indians that I am trying to preserve the roaterwl so llicir chil¬ 
dren will imderetand the old cusloms, and that 1 do not want them 
to worry or be unhappy after 1 have giine. Sometimes tliia allays 
their feare anil they are wUling to tnlk freely, but I would rother mia 
some information than cause such distiess as that of my old friend, 
Maingans, the Chippcwn. 

RECOnUUfG EQtJIPUEST 

The phniiogniph I bought wof a small machine and the Biir^u 
in 1908 replaced it with a Columbia graphophone;. Home recording 
was at UiE licight of its popularity and tliis machine was made to 
meet the demand. I was also supplied with several special recorders 
which 1 tested with various types of voices and marked for tlic nae 
to which they were lieat adapted. The gitlvanined-icon recording 
bom sent with thig equipment was the best 1 have ever used. I have 
since tried many others, but none has protluced the same quality of 
tone- This equipment is still in eicfilJent order and I used it in re¬ 
cording Zuni songs in 1940. 

During the years since this was purchased T have tried ono type 
of recording apparatus after another, an they have been placed on 
tile market. My next equipment was a 4-minute Edison phonograph, 
used for the firei time mnong the Hte in 1910. This had a metal 
frame, mcrcaemg the weight. The cylinder was longeT, tnakhig it pos¬ 
sible to record more ringing, but the thread was finer and the little 
ridges on the cylinder sometimes broke down with repeated playing 
of Uie record. This equipment was used only in Utah and in North 
Dakota, whan recording songs of the Mandan and Hidatsa in 1018. 
It had several recorders but T could not distinguish between the qual¬ 
ity of their recordings. 

In 19211 began the use of an alectrio dictaphone and have used 
one at intervals ever since. It was used when recording the songs of 
the TuIb Indians in Woriiington, the Seminole in Florida, the 
Winnebago in Wiaoonrin, the Omaha in Nebraska, and the songs of 
Santo Domingo Pueblo, recorded m California. For recutding on 
the reservations I have iwed a dictaphone operated by a stora^ 
battery, but for reoent work among the Omaha I ui*d a 1041 model 
dictaphone, adapted to either direct current or alternating enrrent. 
The type of recording apparatus variea with tJie circumfitanccs under 
which the work is done. The ordinary dictaphone is not a precision 
instrument and alternating enrrent is not always the same. The 
difference in current may cause a difference of a half tone, or even 
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ft tone, in the pitcli of n song ns p]ay«1 on tlifferent dajs, but the 
InuuHiHptioii corresponds to the Siifll checking of the record. The 
dictftphone is not intended to reproducu iniisii.'ftl sounds und the 
qiiftIHy of tone is less SfttUfoetoij thon that of ft phonograph. 

An ftdTftntftge of the dictaphone is that the change from recorder 
to reproducer is made with a single motion, whereas In a phono¬ 
graph it is nsceasary to detacli tho horn, loosen a screw, take out 
the recorder, insert the reproducer, tighten the screw and connect 
the hom. Frequently ftu Indian wants to hear the record he biw 
made, or it ie desirable to hear tho recording for some other reason, 
and these motions take an appreciable Lime. A disadvantage of the 
dictaphone is that the hora is small, as it is intended for a man at 
an office desk. If the Indian becomes intcrrcsted in his singing and 
moves tho horn away from his month the record becomea faint. It 
is sometimes nece-ssary to hold the hom in position while the Indian 
sings. His position is easier to maintain when he sits in front of a 
phonograph hom that is swung from a crane. Another advantage 
of a phonograph hom is that it will, if desired, record the sound of 
as many as four singers^ carefully grouped. It will also racord the 
sound of ft percussion inetrmnent as noconipaniiUGnt. 

Songn are recorded best when the phonograph ia not tightly wound- 
It is customary to rawind tho phonograph with a few turns of the 
crank between recoixJings to mRintain Uiia tension of the springs. 
This precaution ie aearoely neccssaiy, as a teat of the Cohimbia 
graphophone showed that the siieed ramained the same for about 15 
minutes, after which it dropped rapidly. An uneven action of the 
iiiotor distorts tho speed and pitch of the record. Thus Dr. Fewkes 
described in conversation eomc of the difficulties he anoounterwl 
witli his first phonograph, whirh was operated by a foot treadle. 
If he became interested in the singing he moved tlifl treadle faster, 
increasing the speed and raising the pitch. Sometimes he moved the 
traadle slower, with the opposite effect. 

The records on the phonograph and dictaphone are made by the 
^‘vertical path," often called the "hill and dale” method, in which 
the depth of the groove varies with the loudness of the tone. Tlic 
late Emile Berliner expressed the opinion that this method of re¬ 
cording was best adapted to my work. He became interested in my 
work in 1$15 and s pleasant scqtiaintance continued almost to the 
time of his death. The process of recording on disks was advanced 
by 5fr. Berliner in 1887. Becorde on disks are made by the “horizontal 
path,” the groove made by tho recording needle being of uniform 
depth thronghowt its length and varying from side to side. This is 
the only method used commercially on disks at tlta present time, but 
recording on dislm by the vertiej path has been developed in the 
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laboratories of the Bell Telephone Co. Concerning this recording on 
disks, Dr, Leopold StokowsH stated in 1935 in correspondence, 
quality of the recording was extremely high,’’ 

lluring the World’s Fair in Chicago in 1933 I recorded Indian 
songs on disks, using a Fairchild apparatus courteously placed at 
my disposal by Mrs. Laura G. Boulton and Dr, George Her^g. The 
records were made on aluminum disks. This apparatus uses a micro¬ 
phone and makes possible the recording of groups of singers. It 
was desired to obtain records of typical group singing by Sioux, 
and five singers—^three men and two women—were selected from 
those taking part in exhibitions at the fair, I also obtained ex¬ 
amples of typical singing by women, with their peculiar tone pro¬ 
duction. Navaho songs were recorded by two members of that tribe, 
singing in unison while beating a smaU dnun. 

Many of my cylinder recordings were transferred to aluminum 
disks in the laboratory of Dr* C* E. Seashore at the University of 
Iowa. This work was done in 1934 and the original tone was ad¬ 
mirably preserved. Dr, Seashore’s courteous interest has extended 
over a period of many years and is acknowledged with deep apprecia¬ 
tion* A considerable number of my cylinder recordings have al^ been 
transferred to composition disks. 

Mention may here be made of the interest shown by the Indians 
when they first hear recordings of their voices. One woman said, 
“How did the phonograph learn that song so quickly? That is a 
hard song,” Another woman said, “The phonograph seems to be 
blowing feathers,” referring to the diavings of the recording* Such 
primitive Indians are not met so frequently now as in the earlier 
years of the work. 

WOHK IN THE FIELD 

Before describing the recording of Indian music in the field, let 
me acknowledge with appreciation the courtesy that has been extended 
to my work by the Commissioners of Indian Affairs, the representa¬ 
tives of the Indian Office in the field, and the missionaries of Protes¬ 
tant and Koman Catholic churches on the reservations. 

The first endeavor, after presenting my credentials to the super¬ 
intendent (formerly called the agent) and arran^ng for a place 
to stay, is to find a competent interpreter. It is not advisable to 
employ the agency interpreter nor one connected with a mission, 
as they use the current vocabulary of those institutions. Their pur¬ 
pose is to convey an idea and, beyond the simplest transactions, my 
work requires a different type of man or woman. I must have an 
interpreter who can think in Indian and translate the native idioms 
into pure, grammatical English. My best interpreters have been 
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graduates or former students of Hampton Normal and Industrial 
Institute and the Carlisle School. These men had a literary use of 
English because they were away from its vemELCular use for so 
many years. Valuable aid was also given by the Kev. Clement H, 
Beaulieu, a Chippewa clergyman of the Episcopal church who studied 
the subtle meanings of the Chippewa language as he studied Greek. 
Much time is required in working out the understanding of a word 
in the Indian mind, and the interpreter must be patient as well 
as painstaking when translating the words of songs or any informa¬ 
tion that lies close to the finer phases of Indian thought. An exact 
translation of the Indian idiom reveals the native poetry in the words 
of the songs. 

It was particularly hard to find a competent interpreter among 
the Seminole in Florida, as shown by the following incident: A cer¬ 
tain dance was designated as the Two-headed Dance. On being 
questioned further the interpreter said he meant that the dancers 
“headed two ways,’’ and described the motion of the dancers around 
the man who is shaking the coconut-shell rattle. They move in a 
circle until they reach their starting point, then stand still a minute 
before reversing the motion, moving in the opposite direction and 
singing another song. The name of the dance was recorded as the 
Two-direction Dance. Another dance was called the Screech Owl 
Dance and many songs were recorded with that title. Panther said 
it was also called the Prairie Dance, saying this was an '^oflE-hand 
name” given it by the white people. He said the Seminole were to 
dance at a certain exhibition and the manager gave it that name. 
“There was no reason for the change but white people understood 
that word ‘Prairie.’ ” 

Robert Higheagle, my interpreter on the Standing Rock Reserva¬ 
tion in North Dakota, was a graduate of Hampton Institute as well as 
of the business department of Carnegie College. I could send him 
away for a day, on horseback, and he would “bring back his man”— 
not literally, but the man would come in his wagon the next day. 
After such a quest, Brave Buffalo, a distinguished medicine man, 
came to the agency and recorded his best songs. Attached to the 
band of his hat was a whistle which showed that- he was on his way 
to attend a patient. He excused hims elf to go and see the sick person 
but returned later, as he promisecL It was my custom to type my 
material and ask Higheagle to look it over. Thus I wrote a brief 
account of the life of Sitting Bull, in connection with his personal 
songs, and asked Higheagle to read it. He studied the material and 
then said “You have written that Sitting Bull returned from Canada. 
I think we had better say that he was returned, for the soldiers 
brought him back.” When an interpreter uses the pronoun “we” I 
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know that the irork is his os well &s roioe, and that he ie giving tlie 
test that is in him. 

The ideal place for recording Indian songs Is a detached building 
wtiich is not on isoliited oo to give nn impression of secrecy nor so 
convenicotly located that Indians will linger around the door. The 
building sliouLd bo nrar the agency and trading post, so tlia Indians 
can attend to business if they wish to do so. This was important in 
the old days wlieti tJiey often came £5 miles or more on hoioehack. 
Such an ideal “office” is rare, but the superintendents of the reserve' 
tions hare alwoys given me the best fRcilities at their disposal. I have 
recorded in an agent^sparlor and in his oflioc on u Saturday afternoon, 
and also at a Protestant miHeion, 1 have even recorded in a school 
latmilry, with the tubs pushed back against the wall, and in an 
agency jail that was not in use at the time. A tar-poper shack was 
my office for more than a month on the DakoU prairie when the 
temperature in similar hIibcIcs was 11(J—there was no shade for miles 
around. 

I remember with queer afTection an office at Fort Yates, X. Dak., that 
had been part of tlie kitchen of the old fort. Subsequently it Iiad 
been used os a coal shed, ami it had neither door nor witidowa when I 
took over. The agent let a prisoner from the guardhouso help mo £x 
it up and he suggested boring holes in the floor to let the water run 
througli, when the floor was cleaned. He made steps, rehung tlie 
door, and nailed window saah over the opemings, and I posted paper 
over the broken plaster and used packing btsics as tables. For many 
Weeks T Used that office, and the Indians felt at. home there, which is 
important. 1 stayeil until the weather was hitter cold and the enow 
Was piled high around the door. A little stove kept the place warm 
and I nailed a blanket over the docfr after entering, in order to keep 
out the bitter wind that blew down the Missouri River. One trial 
was that the mica did not move with the soldiers and their deacendania 
had populated the building. Tliey frisked around the floor and hid 
b^id tlm paper on the wall. Once I found ono under my typewriter 
when I batik nt nocn* 

^Oiig the Sioux who recorded songs in this officn was Siya^ kn 
(pL 1), a particularly fine man, who recorded 29 songs, including 
songs of the Sun Dance, the warpath, and the buffalo huat. 

Many hundreds of songs have been recorded in schoolrooms during 
the mirnmer vacation and in the homes of Indiana. Henry Thunder, 
a innebago, refused to ^g unlcK he could record in a grove, whcin 
no could see m all directions and be sure that no one would overhear 
um (p • 2). 1 have recorded in a hoapital, when & singer was aMe 
^sit up long enough to sing, and in the issue room of an agency, with 
Its meat block and boxes, in the warehouse of a bridge company, and 
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in the little store of a Northwest Coast Indian^ with whaling equip¬ 
ment of various sorts on the waUs. There was a fine pair of floaters 
that I wanted to buy, but one morning when I asked for them the 
Indian said that someone came for them the night before, saying that 
a whale had been sighted* He said the floaters belonged to the whole 
village and anyone might call for them. 

It is a rare combination of circumstances if I have a comfortable 
place to stay, an interpreter, singers, and a place to record all at the 
same time* Let us suppose that such ideal conditions exist, that the 
equipment has arrived in perfect order and been set up in an “office/^ 
that the singer is willing to sing, and the interpreter is seated beside 
him* Perhaps the man wants to smoke before he sings, which causes 
a slight delay, I usually ask the brand of tobacco that is popular in 
the tribe and provide a package which is duly presented at this time, 
I pay the singers in cash at the end of each day, and sometimes at the 
close of each song. An argument always arises as to the price, and 
I explain that I have the same price in each tribe for general songs, 
paying a higher price for certain classes of personal songs. It is hard 
for an Indian to understand why a song that was worth a horse in the 
old days should be recorded for the small price that I pay, A Sioux 
once offered to record a song that would break the drought- He said 
the dry summers would not have occurred if the Government had let 
the Indians sing their rain songs. He said the song would “work” 
for me as well as for an Indian, and he wanted $50 for it. According 
to him, the song was cheap at that price, Needless to say, I did not 
record the song and the drought continued. 

If the Indian singer does not understand or speak English, tlie nego¬ 
tiations must be entrusted to the interpreter. He must explain that 
the history and origin of the song and the meaning of the words is 
included in the price of recording, unless there is a long legend or 
extended information, for which he will be paid by the hour. The 
interpreter explains that different verses of a song do not count as 
separate songs, neither are recordings of the same tune with different 
words paid for as separate songs* The Indian is told that he must 
not record songs that differ in only a few tones and expect pay for 
each recording. If a long series or a cycle of songs is under considera¬ 
tion, he is told to select the songs with the most interesting words or 
melody. This understanding is necessary, as a series may comprise 
a very large number of songs, and it is easier for the Indian to sing 
them all in sequence. There is little variety in such series, and it would 
be impossible, as well as unnecessary, to transcribe them all. The 
Indian is also instructed to sing the song through a certain number of 
times and then pause. Without this precaution the recordings would 
be almost impossible to separate. 
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Whpn all mattare have been settled ^ the Binger is sUuwi^ how 
to sit in front of tho hom^ and to sing into it from tha proper distance. 
If a dictaphone is used he must be ahorni how to hold the \ion\j press¬ 
ing the upper edge ageing his upper lip. He is abo told that he must 
aing in a dieadj tone and not introduce the yelle and other sounds 
that are eustomai'j to Indian singers. The recording is not intended 
to be realistic, but to preserve the actnal melody* 

Indiins rarely Mng alone and generally hare a percussion aceodn^ 
paniment* A medicine man may sing alone when treating a eicJc 
person, and under certain circumstances a man may sing his personal 
song &t & blit luf & rule Indian singing may be called en¬ 

semble music. For this reason it is hard for one man to sing alone 
and to recotd his sung witliout the support of a dnim or rattle. The 
sound of an Indian drum docs not record well, and I eubviltute a 
pasteboard bos, etruck with a small stick,'irhich ^ves percussioQ with¬ 
out resonance. The singer soon Iraims to use it, holding it near the 
horn if the sound is to lie recordsd and farther away if it is only for 
his own assistance in singing, 1 miiy record two or more reiiditiime 
with the percuaaion audible in order to preserve tlie relative rhythms, 
and then have one or two renditiona with the Hccumpaniment in¬ 
audible so tlm melody cun be transcribed more easily. In some songs 
tlie meter of the drum b diiTerctil fi-oiii that ul llin voice, or the rhythm 
of the drum muy be peculiar, and in such instances I uiu careful to 
obtain recordings in which the drumbeat is clear throughout the 
song. When tlie record is trimscribed, the sound of tlio voice ie ex¬ 
cluded when determining the beat of the drum, and the sound of the 
drum is excluded when recording the voice; then I listen to the t.wo 
together and check the result. In ordinary Rotigs, such as the songs 
of games and social dances, the drum is continuoua and steady and X 
may not make any record of it. Instead a notation is made in my 
notebook such OS *'drum in quarters exactly wi th the voice." 

The sound of an Indian rattle can sometimes be recorded in order 
to obtain a record of the rhythm, hut pounding on the pasteboard box 
is genially oubstituled for a rattle when songs are recorded. 'Xho 
Indian usually wants to try making a record with the aeL'timpauimont 
of the rattle but is soon sutiidied that it is not piucttcal with my equip¬ 
ment Occasionally, he wishes to sluike Uie rattle at his side, with¬ 
out trying to record it Circumstances vary and there b no inflexible 
rule of procedure. 

When B song is recorded, the cylinder box is marked with the 
singer’s name and the nunilwr in his sequence, such as Red Weasel 
10 OP Brave Buffalo 20. At tlie beginning of my work I MBgign^ 
catalog number to each song when it was recorded and sent all the 
records to the Bureau of American Etlmulngy, but this wag changed 
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after about 200 songs were recorded and I assigned catalog numbers 
only to the records that had been transcribed in notation. The others 
are studied but not sent to the Bureau. They may be almost like the 
songs that are transcribed, or they may be “seconds” that, in my 
opinion, are not worth preserving. 

A dnger may want to hear songs of other tribes, and I always carry 
a few discarded cylinders for that purpose. The type of melody 
differs in various tribes, and the Indian listens attentively, as one 
musician to a performance by another. I never use recordings in 
this manner, however, if the original singer objects to that use of 
his songs. Ordinary dance songs are sufficient for the purpose. 

It is imsatisfactory to ask an Indian to give an “audition” of a 
song, to find out whether I want to record it. Strange as it may seem, 
his i^t rendition is i^ually the best, and this should be recorded. 
Instead of asking him to sing the song, I ask him to “go over it care¬ 
fully in his mind until sure that he remembers it correctly.” The 
room is quiet and he “thinks” the song, or hums it under his breath, 
probably tapping the time with one finger. A blank cylinder has 
been put in place and when he signals that he is ready the recorder 
is dropped and he records the song. It is many years since the old 
men have sung the old songs and the record must be made while the 
recollection is clear. A slight disturbance or delay might mean the 
loss of the song. 

Psychology enters largely into the work of obtaining the old 
Indian songs. The singer must always be kept at ease. This is 
essential to success, and one must learn when to urge a singer and 
when to let him relax. Care must be taken that the form of a ques¬ 
tion does not suggest an answer. Through faulty questioning a per¬ 
son could obtain astounding statements from an Indian, as he might 
not understand the question or might be too polite to differ with the 
questioner. 

An Indian may be willing to tell what is desired and not know how 
to express it. Sometimes one will question an Indian for a long 
time and the Indian will leave out the things one wants most to know; 
then he will suddenly give the whole information without rea lizing 
it, or in reply to a seemingly casual question. One must be like a 
lawyer examining a witness. Yet Inmans become restive and irri¬ 
tated if they feel that they are being questioned too closely. In my 
own work, I try to have the Indian feel that we are friends, talking 
over thingg in which we are mutually interested. In that way he 
becomes interested in clearing up points that I do not understand, 
and in the end I have the d^ired information. 

A reservation is like any small community, and each man is known 
to his neighbors. On one of my first visits to the Bed Lake Eeserva- 
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don in Minn esota I recorded songs from a strange Chippewa who said 
that he was a good singer. My interpreter was absent at the tima 
and the man seemed so sure of himself that I made no inquiries about 
him. The records of his songs contained no sense of a keynote and 
were melodies on which strange theories of primitive scales might 
have been based. When my interpreter returned I told him of this 
recording and he exclaimed, “You didn’t take songs from that man! 
He can’t carry a tune. lict me hear the records.” He was able to 
iTCOgmse the songs and offered to record them. In his rendition they 
became simple little melodies with tones clearly referable to a key¬ 
note. As I became more experienced, I would decline to take songs 
from such a singer after hearing his first recording. Unlike white 
musicians, Indian singers are not sensitive, and a man is not offended 
if I say, “Your voice is not good enough for me to record.” He is 
probably disappointed because he is not able to earn money, but he 
shows no resentment. 

Personal character as well as musical ability is taken into consid¬ 
eration in the selection of singers. For this information I depend 
upon the interpreter and consult the white people at the agency. 
During the work among the Sioux a singer was brought by an in¬ 
formant, and data concerning the Sun Dance was recorded. Robert 
Higheagle was absent and another interpreter was obtained. When 
Higheagle returned, a few days later, he said, “There is trouble 
among the Indians. John Grass and other prominent men say they 
will have nothing more to do with the work if So-and-so is con¬ 
nected with it. He killed a man, and his record in other matters is 
not good.” The matter was carefuUy considered and the responsi¬ 
bility placed on the man who introduced him. Finally his material 
was expunged and I never saw him again. 

A good voice is not essential when the old songs are being recorded. 
Many old men and women who know the best songs have weak voices 
but it is possible, with care, to obtain a record that can be transcribed. 
Such songs are usually connected with magic power or with the treat- 
mmt of the sick and were received in dreams by the singer or ob¬ 
tained by him from men who received them in that manner. The 
procedure is different if dance songs are desired. The dance is at¬ 
tended and the leader at the drum is observed with special care. 
Later, he or other singers are asked to record songs that were used 
on <^at occasion and the descriptions of the songs are aided by 
hearing them at the dance. My work has included many classes of 
modem dance and game songs, in all tribes under observation, but 
the old songs will be first to disappear. Such songs are not taught to 
the younger generation, who are seldom interested in them. In some 
instances the old songs are learned by young men but, in my expe- 
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the rhythnis arts XhuG 1 recorded a aon^ from qjq 

old mno and later allowed a youop man io record the same sonff. In 
tlic latter reiidirion it had become a simple little inek>siy, without the 
native rhytiimic peculiarities. On one ra-erration a young man from 
an Indian school told me with pride that he ■n'as adapting the old 
songs and playing them on the comat, Indian music with the 
[iresent generation is in a transitional fonn^ and my effort has boen 
to preserve tlie old sougis in their original farm- 

Women singers are much less in mimber than men. Women might 
ireaL the sicfc with songs or eserclee other ^mwer received in dreamSt 
but the nutidwr of ^ich w^omen tvis comparatively smslh In some 
tribes a few women sang around the drum at dances^ sitting behind 
the circle of men and singing an octave higher. The relative number 
of men and women ringers is too large a subject for present consider a- 
tion, but mention may be madp of two classes of Indian sougg that arv 
popular. These dosses are liillabiea and love songs. I once ashed an 
Indian singijr about Iiillabias and ho repliedj “The women mitke a 
noise to put the children to sleep, but it is not ringing.’* Subsequently 
I obtainf-d two records of a lullaby, from two women. One w as little 
more than crooning and the other vtm a simple melody, suggesting 
that the ennghad gradually taken form from the mther vague “noise 
to put the children to aleepp^ Ah tlie status uE the lullaby is so low 
in the niinda of Indian musicians 1 leave its recording until near the 
end of work in a tribe and then obtain one or twu records from trusted 
Indian women. The other subicct to be handled discivietly m the 
love song. This is not a native custom and ia usually connected with 
evil magic or intoxicutioiL Love songs, in the old days, were sung to 
aid intrigue of various sorts, accompanied in aome trib^ by the use 
of figuring or other “diarm^” A Papago said, “If a man gets to 
Finging love songs wc send for a medicine man to make him stop.” 
Tn all tribea it ia aaid that the love SOUg, m OUr USC of the term, came 
with the advent of the whites- In one tribe I waa wurned that jf I 
recorded love songSj the fine old men would have nothing to do with 
my work. T have, liowever, recorded both the old songs of lovo 
magic and the modem love songs, as they are part of Uie music o f the 
.■\meric 4 in Indian. The words of the modem gongs generally nhow a 
luck of respect for women and boa^t of fascinations and conquests^ I 
have learned not to ask for their translation in all instances. A promi¬ 
nent Pawnee said, ^'Songn arising from deep affection and respect were 
occasionally eiing by Indians in the old times, and might be concern- 
ing persons who had hften married for many yeare-” “ The cause of 
fhe change from th«si^ songs of respectful affection to tlie modern love 

^ Pprtnortj Ptiwiacf liuftic. anr. Ainw. Utlrn-f?!' Biatl. 00, p. ftO, iSS®. 
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song is fOrMiid in the gieneLm] i^hiinge from primitive ciistoinsj and be^n 
when tlie jonng people refused to nseognko parental authority in the 
matter of their aHoctiofiH. The ^byoct of love songs is undertaken 
only with old* steady Indians, 

VlTien the old chiefs were still livingj I frispiently conjmlted tliein 
in regard to singem Thus Eod Cap, tho famous Uto ohiof, said 
that he could not ring himself but would delegate hie be^ singers 
Co record tlie old songs for me* Eed Cap stayed in the room while 
these i^ugs were recorded^ and his influence made it possible for 
mo to record Eonga that otherwise would haro perish^ with the 
ringei*fl. John Gra^ tho prominant Sioux chiefj Hul not sirig but 
gave invportant infomiadon concerning tho Sun Dance and his in¬ 
fluence was of great assistance in the work. 

A fact to be constantly home in mind concerning Indian ni^ido 
is that it Iiad a purpose. Songs in the old <ky^ lielieTeil to 
come from a supernatural source and their singing was ootmccted 
with the ftierizlKa of supernatural power. The aong« of social dances 
are a later phase and of la^ itri|x>rtanc«- Health, food, and safety 
were tho major coucems of the old Indians, and ringing woa an im¬ 
portant means of assuring the»e. Ceremonies or ceremonial action 
waa connected chiefly with the flrst and second of tbesa requiHitas* 
The general Uarm %iediciiio men*’ is applied to those who were ridUed 
in these important matters, a term not unliko tho title of ^doctor” 
in our own race which k applied to others than medical practitJoncnL 
I have numbered many Indian medicino men and w^smen among my 
friends. They have appreciated the vaUie of my work and given 
their best songs tmd information, in order that the Indian might 
be understood more clearly by the white men. Among these in- 
ter^ting medicine men wax Sidney Wesley (pL 3, fig. 1), a Clioeiaw 
living near Philadt^lphia, Miss. His Choctaw name was translated 
Kilk it himself,’^ meaning that if game had been wound^i or any 
diflicult task was to be performed, he dul it hiinself instead of dele¬ 
cting it to ffomeone else. Mia long, disarranged hair was said to 
“^ow that ho is a doctor.” Among his songe was one that men¬ 
tioned hatred of the Folanclie and Hispano, and it is interefiting to 
note that coutart of tho Choct^iw with the French ended about 
and the contacts witli the Spaniards were still earlier^ Wesloy did 
not Imow what the words meant but song the nyllabLcs hj rotei os 
he learned them. Ha and his friend, Mary Hickmon {pL 3, fig. 2), 
aided ono another in remEimbariTig <dd times, and said they joLneil 
in thfl war dances when they wetu youtig. The wars wore ended 
hut tho dances cimtinued, as in nther tribes. Tho songs were re¬ 
corded in Maiy Hiokman’H hnuse. Her Choctaw ziaTne was traxis- 
laleil “Putting it back,” and her little hou^ indicated that rim was 
an orderly person. 
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The most familiar songs connected with the food supply are the 
Pueblo songs to bring rain. The Chippewa sang to obtain an abund¬ 
ance of maple sugar, and the Plains tribes san g for success in the 
buffalo hunt. AH tribes had songs for success in war, often con¬ 
nected with the use of “charms.” 

The songs collected in a tribe are a cross section of its culture. 
Thus the proportion of ceremonial songs recorded is largest in a 
highly cBiymnnial tribe, the proportion of healing songs is largest 
in tribes with rich vegetation and many medicinal herbs, and the 
proportion of hunting songs is largest in regions where game is 
abundant. Indian songs are of little value unless correlated with 
the life of the people. Indian music should be recognized as an impor¬ 
tant branch of ethnology. 

It would be futile to stress quantity in collecting Indian songs, as 
every good Indian singer knows several hundred songs. Among the 
Seminole of Florida I recorded more than 200 songs from one singer, 
without a duplication. This man was Billie Stewart (pi. 4, fig. 1), 
leader of the Com Dance in the Cow Creek group. His home (pi. 4, 
fig. 2) was in the cabbage palm region near Brighton, and his record¬ 
ing was done in two successive seasons—1932 and 1933. Toward the 
end of the second season he hummed a song of the Quail Dance and 
said, “I sang that for you last year, so I won’t record it again.” His 
wife was a medicine woman kno^vn by her maiden name of Susie 
Tiger, and she recorded several songs that she sang when treating the 
sick. A marvelous native poetry was contained in the words of these 
songs. 

Other Seminole singers were Charlie Billie (pi. 6, fig. 2), leader of 
the Com Dance in the Big Cypress group who recorded the cere¬ 
monial songs of that dance, and Josie Billie (pi. €, fig. 1), who 
asked that his material be recorded with his Seminole name, meaning 
Panther. He recorded songs of the Hunting Dance and other valu¬ 
able old songs. An interesting informant on Seminole customs was 
Mrs. John Tiger (pi. 5, fig. 1). Several villages in the Everglades 
were visited and photographed, including a camp known as Old Camp 
Florida. 

TKANSCKIPnON OF RECORDS 

The transcribing of records is seldom done in the field, as time is 
so valuable and facilities are limited. The speed screw of the phono¬ 
graph is removed when the instrument is shipped, and it is neces¬ 
sary to adjust the speed of the instrument when the son^ are tran¬ 
scribed. Without this adjustment the pitch would not be the same 
in recording and transcribing, and the two performances would not 
be uniform. The desired speed is 160 revolutions per minute and 
this could be attained by counting the revolutions of the mandrel. 
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but 1 devised it difTerent met]itKl. Thfi ton? C of m pitcb pipe ivas 
recorded on a wai cylinder. This is placed on the phonograph and 
the speed screw adjusLed until tlie tone prwhlcod by lliis record is 
the same ns that of the pitch pipe. The piano when tran¬ 
scribing is tuned to the same pitch {A—440). Thus the pitch of the 
singer’s voice and the origin^ tempo are preserved, and the tran¬ 
scription is made ns nearly as possible from his actual performance. 
The voices of some men extend down to E Iwluw the bass staff, though 
a majority of Uie recottla made by men arc within a compass of 10 
or 12 tones above A, ftiet space, boss staff. It b not unusual for the 
voice of an Indian woman to go down to E, third space, bnes staff, 
and very few women have voices that extend above C on tlie treble 
staff. The Sioux hove voices with a particularly large compass and 
a Sioux woman recorded a song extending to F, fifth line, treble staff. 

The outline of a melody ia determinnl by comparing the tones of 
the record witli Lliose of the piano, but the intervals are usually de¬ 
termined by ear.* The intervals with simplest vibration ratios are 
sung witli beicL intonation, many singers showing uu intonation that 
would be creditable to a member of our own race. Indiana differ 
in this respect, and the personality of tlio singer is taken into con¬ 
sideration when his songs are transcribed. Thus a peculiarity in a 
record made by an expert singer is given more attention thnn a sinii- 
lar peculiarity in die work of a man whoso performances are known 
to vary. If several renditions of a song have lieen recorded tliey we 
studied and compared, the transcription being made from tlie best 
and clearest tend! Lion. 

The presentation of anything ns strange os Indian singing must be 
in familiar terms if it is to be intelligible. Therefore I have used 
ordinary musical notation with a few Epeclal signs and entrusteil llie 
differences from that notation, as well as the manneriomB, to descrip¬ 
tive analyses. In ^s, as in any study, a great deal depends upon the 
standpoint of the Investigator. What sounds stmtige to our ears is a 
song to the Indian, and my work has been from the standpoint of 
a musician who is approaching the music of an alien race. U^'tones 
and various modes of attachiiig and releasing a tone arc common in 
Indian aiogiog. Early in my work I made an exiieriment to deter¬ 
mine the importance of these vocal sounds. Placing two phono¬ 
graphs with the horns togatiier I played a typical Sioux record, 
transfeinng it from one machine to the other until it had been 
eppi^ six times. On comparing the seventh recording with tho 
original rendition it was found that the seventh was much softer 


* A CTrtlSKl tnt or Ul« oulhor** pitch dtfCrlnlaaUoD ira» maifa. In 1014 br I»rot Carl E. 

setfbo^ Oean of tho GrtSltaw COUago. UniTonlW of tom, IdWa Cltjr, lowi. (Sm P—• 
more. Fimcoo, Nortliora Ott Uoolc. Dur. Amor. Xlhnol. BolL 75, p, 2M, lAOZ.) 
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HJid tJie by tones Imd been eliminated, leaving a cleari pure tone, with 
intervals compamble to Lliu^ of our musical system. It is not re¬ 
quital ilmt all the sounds produced by our own HingKns Im shovrn in 
the notation of a songj and it »6cms reasonable to make a similar 
jill(nv:^inca when expressing the singing of IndiansH Tlis aUmmlive 
h to devise an idub^irate graphic system^ based upon heating the 
records nr upon tone-photography* * Such a syatem inmst of nec«asity 
be masterud by tho^fo who dc^ro information on the subject To 
accurate with resx>ect to Indian mujiic aa a whole, the ey^iem should 
be applied to different renditions nf a siing by Uie ssamo singer, and 
to renditions of tlie same song by other singers. If carried to a con- 
cliirion, such a system would produce a vast anmunt of data, with 
small variatUiiis which ura not essential to the song itself. For these 
reasonsr tlie graphic presentations in my work ar^ limiteil to *^plota^ 
showing the principal progressions of melodies, in order to comparo 
the structure of various classes of songa,^ ami diagi-ums which show 
the results of tabular analyses.* These were discontinued when it 
was believed their purpniw had been attained. Occasionally a mu- 
rician or uUier i>ersQn with a keen musieal ear lias been asked to com¬ 
pare the record of the mng& wiOi tiieir tranEcrlptione; they haw 
invariiibly expressed the opinion that the transcriptions were 
adequate. 

In order to te£ 5 t the pitch discrimination of the Indians, a scries of 
tests was made among the Cluppewa^ Sioux, Mandan, and Hidataa 
Indians, lining a oet of tuning forloi kindly lent for the purpose by 
Dr. C. E. Seashore. The results were tabulated and gubmitted for 
exann nation U> Dr« Bra^iore who expressed the opinion that 
abilities hero shown are about os good as one would find among the 
H^^mge American whites under similar edreumstauces.’^ 

A j^rapliic analysis of one of my records was made by means of 
phonophetography^ showing the possibilities of that method- This 
analysis was made by Dr, Harold Seoi^honi; (1934) in the psychm 
logical laboratory at the University of Iowa, Iowa City." In respect 
to pitch, the graph made from the tone-photogmpli was subsLantially 
the same os the tninsuription by lieoring. 

In order to test tlie accuracy of certain observations concerning the 
relative rliy tluus of voice and drum, the phonograph, with a selecdon 
of records, was taken in IDIS Ut the laburatury of Dr. Dayton C* 
Killer, head of ilie department of physics^ Case School of Applied 
Science, Cleveland, Ohio, Tlie sound was recoi^Jed graphically by 


^DvBimora, FruifM^ SIW9S UuhEc, Bur. Amcr, nUln^ilr Bull. Hi, IDlSi Nortbem 

nCD Balt 7^, and UbiLaUd Muidf. OuU. SO, I929L 

* Tetan SEi^qk pp, Qgi. 1-18. 

*Smli&rt, CmrJ E. flArtild, Th* phanppliotiflfraEihr iii tftr ■!ui3j qX fjTlcnltl?a 

IiimEv. HcScdc^ ?a1. 78, Ko. 20Ce, 4Sa-^St» ll#' 
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the phonodeik, an instrument of Dr, Miller’s invention, and an 
analytical study of the result was made by Dr. Miller, with a com* 
parison of the photographs and the transcriptions of the same songs 
by hearing. Dr, Miller stated ^the close agreement of the two 
methods hardly justifies the great amount of labor involved in the 
photographic method. This study was undertaken principally to 
learn what could be done if it were desirable.” ^ 

In determining the meter of the songs I use an ordinary Maelzel 
metronome which was tested at the Bureau of Standards, The metro¬ 
nome is not a precision instrument- The marks on its scale are not 
near together, and the *‘bob” is some distance from the scale, but this 
metronome was found to be reasonably accurate with the bob set at 
120, on a level with the eye. This indication is about midlength of 
the scale. For very slow or rapid songs the instrument is placed in 
this position and the tempo indicated by the position of the bob. The 
exact tempo of Indian singing is not important, and this mode of 
measurement is sufficient, the same metronome and method being used 
with all the songs. 

Having determined the meter of the song, it is necessary to note the 
accented tones by which the transcription is divided into measures. 
The use of measures does not imply ^at the Indian has any knowl¬ 
edge of our musical customs, but it is a convenient form for showing 
the rhythm of his musical performance. Each accented tone is tran¬ 
scribed as the begining of a measure, regardless of the time interven¬ 
ing between the accents. In some songs the accents are evenly spaced; 
in others they seem erratic, but on further study they often combine 
to form a rhythmic pattern. Such a pattern usually comprises several 
measures and is designated as a rhythmic unit- Sometimes a 5-8 
measure is followed by a 3-8 measure. The note values may suggest 
two measures in time, but the accent divides the series as indicated. 
A measure transcribed in 7-8 time cannot be divided, as there is no 
secondary accent. Quadniple time rarely occurs, but 2-4 time is com¬ 
mon in the songs. The accents in a song do not always correspond to 
the accents in the words of the song when spoken. The rhythm of the 
song is the rhythm of the melody in the mind of the singer. 

The tempo sometimes changes duriug a song. Such a change may 
be either abrupt or gradual, and in the lattet instance the new time 
indication is shown when the new tempo is established, preceded by 
“ritard” or “accelerando.” A question to be determined is whether 
the change is intentional. The several renditions are compared, and, 
as a general rule, the change is found in all the renditions, showing 
it to be part of the song* Old Indian singers have a remarkable sense 
of both pitch and tempo. Thus, Mrs, Holding Eagle, a Mandan, re- 


» nensmore, France®, Nqrtliern Ute Music. Bur. Anoer. EthnoL BalL SI, Appendli pp. 
208^210* pla. 12-^16, fig®, 20 , 21* 1018. 
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corded certain songs in 1912, and in 1916 recorded the same songs 
again, the pitch and tempo being the same. Other instances of exact 
duplication have been noted in other tribes, and series of songs recorded 
by one singer are generally identical in tempo and pitch, 

INSTRUMENTAL MUSIC 

Instrumental music is used only as an accompaniment to singing 
among the Indians, except that the young men sometimes play a flute 
in the evenings and a whistle may be blown in ceremonies or in tiie 
treatment of the sick. The musical instruments are of four classes, 
consisting of drums (or similar percussion instruments), rattle, flutes, 
and whistles. There are many forms within each class, and the in¬ 
struments are generally made of materials available in the region 
where the Indians live. An exception is the gourd rattle, which is 
widely distributed. Specimens of the musical instruments in the 
several regions have b^n collected and placed in the United States 
National Museum, 

Drums of the familiar type are made by tribes that hunt the deer 
or can obtain deerhide from their neighbors. The Papago, who are 
not hunters, use a bowl-shaped basket similar to the fa m i l y bread 
basket, inverting it on the ground and striking it with the palm of 
the hand. The Makah, near Cape Flattery in Wadiington, formerly 
used a long box for a drum, several men sitting on it and kicking it 
with their heels or pounding it with their fists in time with the sing¬ 
ing, This could be heard in the long wooden houses where their 
gatherings were held m winter. The same tribe pounded on a plank^ 
when a gathering was held on the shore during the summer. The 
Indians of British Columbia beat on a plank as an accompaniment to 
the songs of the Slahal game, the plank ^ing raised a few inches above 
the ground to produce resonance. The dapping of hands or stamping 
of feet sometimes accompanied Indian ringing, showing the use of the 
human body in place of an instrument. 

Rattles are a form of percu^ion instrument and may consist of 
receptacles containing small stones or clay pellets that make a noise 
when shaken together, or they may consist of objects suspended so 
that they clash against one another when the rattle is shaken by the 
hand. Such rattles made of turtle shells or cocoons are sometimes 
attached to the knee of a dancer and the sound is produced by the mo¬ 
tion of his dancing. The gourd rattle is a familiar example of the 
first type of rattle and an mteresting example of the second is a 
rattle obtained from a Makah medicine man which consists of pecten 
shells suspended from a hoop of whalebone. The rattle is often con¬ 
nected with magic, and the form of a man’s rattle may be in accord¬ 
ance with instructions received in the dream by which he obtained 
his power. 
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Indian flutes are of the type known to musicians as the recorder, or 
flute a bee,* which was the European flute of the Middle Ages. It 
was held in a vertical position and blown at the end, the instrument 
preceding the transverse flute of the present day. The recorder is 
played by blowing into an air chamber at the upper end of a tube, 
the sound being produced by a whistle opening similar to that of an 
organ pipe.* The typical Indian flute is made of any soft wood with a 
straight grain, and the number of finger holes varies in different 
tribes. Flutes are made of cane in tribes that lack suitable wood, and 
in modern times a gun barrel or piece of metal pipe is used in making 
a flute. The only transverse flute that I have collected is a cane flute 
obtained among the Yuma.^® The playing of many flutes has been 
recorded and transcribed in notation. In some tribes it is said that 
certain songs may eitlier be sung or played on the flute, and the 
Menominee said that love songs were imitations of flute melodies.*^ 
Several legends of the origin of the flute have been obtained, one of 
the most interesting being that of the Papago.“ 

The whistle is a simple form of the flute k bee. Among the Indians 
it is generally made of the wing bone of a bird and connected with a 
ceremony or with the exercise of magic power. Such whistles and 
the wooden whistles are usually short. Certain Plains tribes, how¬ 
ever, used a “grass dance whistle” made of wood and about 25 inches 
in length. This was described by the Sioux and a specimen obtained 
from an Hidatsa named Pan on the Fort Berthold Keservation. He 
recorded a performance on tlie instrument, part of which was 
tr^scribed. A portion of the long harmonic series was produced on 
this whistle, and it is possible that Indians using such a whistle may 
have obtamed a perception of overtones from the instrument 

Eobert Heniy (pi. 6, fig. 2) is one of the Choctaw medicine men who 
blow whistles the night before and during a ball game. Each group 
of players is assisted by the blowing of such whistles. Henry had 
tW whistles, differently marked. The iUustration shows a whistle 
with a crude face, said to be his personal mark. 


SCOPE OP THE WORK 


The of work has been broad. It was my plan to select 
repr^entative tnbes m each of the large areas, and songs have been 
recorded from the foUowmg: 


•Handbook <rf tho Collection of Mnalcal Instruments In tbo United w « i 

Museum, TJ. 3. Nat, Mua, Bull. 136. pp, 25 - 27 , 192 T. United States National 

Customs. ' Bur. Amer. Btlinol. Bull. 86 pp 167 16R tooo 
1932 no.' PP 25 " 

“D^orc, J^ces, Menominee Mmrtc. Bur. Amer. Ethnol. Bull. 102 n 208 11)32 
»Deniunore. Vkances. Papago Music, Bur. Amer. EthnoL Bull 80. pp.’ M 2 I: 
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Northeastern Woodlands,-____ Chippewa, Menominee, IroQiiols, 

Southeast (Gulf of Mexico)__Alabama (Texas), Choctaw (Mississippi), 

Seminole (Florida)^ 

Northern Plains-__—--- Slotix, Winnebago, Mandan, Hldatsa." 

High Plateau-----— Notthern Dte. 

Southern Plains_*___ _ _Pawnee, Omaha, Cheyenne, Arapaho” 

Southwest; Pueblo.-„Aeoma, Isjeta, Cochlti, Zuiil, Hopi, Santo^ 

Domingo.^ 

Southwest: Bancheria and Nomad_ Papago, Tnma, Cocopa, Yaqul, Navaho.“ 

British Columbia Plateau_ Sallsh, including Nltinat, and Thompson 

BlTer, 

Northwest Coast—--—— ^lakah, Clayoqoot, Qulleute, Tsimshlan. 

Northern CaUfoniia__Valley Maldm 

Panama___ _ _Tale Indians of San Blas*^' 

The Chitimacha Indians in laiuisiana were visited but the only 
surviving members of the tribe did not know any songs. Interesting 
information concerning the music was obtained, also legends in which 
songs were formerly introduced. 

The Iroquois records comprise a series of ceremonial songs of the 
Condoling and Installation Council of the League of the Iroquois, 
recorded by the late J, N* B, Hewitt, These include the Farewell 
Chant of the Dead Chief, sung by the people as representing the dead 
chief, tlie Eulogy of the Founders of the League, and an interesting 
song entitled “(^er the Great Forest*” 

The songs of Indians in Alaska comprise eight songs obtained at 
Anvik, Alaska, by the late Rev, John Chapman. They were recorded 
by dictaphone and the cylinder was obtained by Dr, AleS Hrdlidka, 
who presented it to the Bureau of American Ethnology, Inf ormation 
concerning the songs was obtained by correspondence with Mr, Chap¬ 
man, and the record was transcribed in its entirety. 

In the collection of records transferred to the Bureau of American 
Ethnology 27 tribes or large tribal groups are represented by 11 to 356 
songs, and 12 small groups are represented by less than 11 songs. 
Many of the latter songs were recorded by Indians who are not 
members of those groups, Indians often learn songs from other 
tribes and sing them in dances and games. No attempt has been made 
to obtain any considerable number of such borrowed songs. 


^ The arst Seld trlii to the Mandan and Hldatsa was under the auspices of the North 
Dakota Historical Soelety* A subsequent trip and publication of reautts was nndor the 
Bureau Of American Ethnology* 

^ Field trips to the Cheyenne, Arapaho, and Valley Maldu, and the recording of songs 
of Santo Domingo Pueblo by a member of the tribe temporarily in Loa Angeles, were under 
the auaplcea of the Southwest Museum, Loa Angeles, CaUf. With the exception of the 
music of the Maldu the results of these trips have been published by the Southwest 
Museum* A manuscript on the music of the MaJda awaits publication by that museum. 

"Bongs of Acoma, Isteta, Cochitl, Zuhi, Hopl* and Santo Domingo Pueblos hare been 
recorded by singers from those pueblos temporarily In a low altitude, 

“ Obtained from Navaho temporarily in a low altitude* 

Songs of the Tule Indians were recorded by Indiana from that locality^ temporarily 
in Washington, D* C, 
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Thfi foUowiDg lisit sliowi? inily n portion of the work, as many 


Lundrwls of songB hiTo b«sn recorded ojtd not tninscribed. The 
sununary comprises work from September lifOT to IfovEinber 30. 1041. 

L Tr^initcribe^ Tt^wrds to \hp Bureau nf £]tfa oology 

4nd lu to Uih Natlfiiml Att^hlTca for pe-nuonenC 

preRerr*tio£i___________ %2S^ 

2. Tranficrihed rccoidg au^uiUted to tha flf ti^r Uie cuUoetJoii was 

tTnnaferrcd to Ulu AnJiiTi= Bi^- --- ^_ _ __ 150 

a. Trafiflcrlbcd wcouls in poBsesalfm of Sotithwett Los Anjpiiw 

(copies oC 33 g| thvss Indodod In Item 1) ______ SSlNi 

4* TrananrllKd rwords In poasse^lon of North Bakota Hlitortcn] Sodetj._ 4C^ 


^tAl — 3 . □._____________2,032 


CONCUTSTON 

The two principal ubserriitions m&de by those who haye listened to 
the singing of Indians are that it is ehieily rhythmic and that it is 
minor in character. The rhythm, of Indian singing appears first 
because of its prominence and insistence. The songs heard by a 
casual obserrcT are generally the songs of daiioes, but n study of the 
recorded melodies shows that the rhythm of important Indian songs is 
udOTB elaborate than the rhythm of corresponding songs in our own race. 
A desire to check these and other impressions prompted tny analytoB 
of recorded Indian soii^ It was not difficult to osmgn a keynoto to 
most of the melodies by the test of the earj, and the songs were diTlditd 
into two groups, maior and minor, according to tiie interval of the 
third and sixth tones above this apparent keynote. The term ‘‘key” 
was avoided and the term “tonality" decided upon, l»*rtly at the 
suggestion of Charles K. Wend, eiamincr. United States Patent Offices, 
about 1909. It was found that more than three-fifths of IBO Chippewa 
songs under analysis were major in tonality. In Hubaequent analyses 
of larger groups of gongs it was found that the minor third wan the 
most frequent interval tixcept the whole tone, which is generally a 
passing tone. Hie prominence of this interval bad given the impres- 
sion that the songs were minnr in tonality, actionling to onr musical 
aysfceni. Continumg this investigation, all the intervals in large groups 
of songs were expressed in terans of u semitone, and the average prngres- 
si^ was found to contain approximately a tone and a half which is a 
minor third. This fable of analysis was last used in my “Tumiiii and 
Toqui Music” (Bur. Amcr. Ethnol. Bull. 110, table U, p, 34, 1982) 
which shnws that the averaga interval in a cumulaLtva analyGis of 1,848 
songs contains AOS smniUmes, 

The fijoit tabulated analyses used in my work were nine in number, 
contained in my first book, *K:hippewa Music” (Bur. Amer. EtlinoL 
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Bull. 45,1910). The melodic analyses comprised such bases as tonality, 
first progression (upward and downward), and tone material, while 
the rhythmic analyses noted the beginning on the accented or unac¬ 
cented portion of the measure and a comparison of the metric unit 
of voice and drum. The familiar major and minor pentatonic scales 
were designated as the fourth and second five-toned scales according 
to the cla^fication by Helmholtz. The various classes of songs were 
grouped together, miilcing it possible to compare the structure of war, 
game, and other songs. To Dr. Alei Hrdlicka, curator of physical 
anthropology, United States National Museum, I owe the suggestion 
that the results be expressed in percentages, a custom begun in 1913 
and followed in subsequent work. 

The number of tables of analysis was increased to 22 in my second 
book, “Chippewa Music H” (Bur. A m ar. Ethnol. Bull. 53,1913), and 
this number was gradually reduced until only 14 were used in “Nootka 
and Quileute Music” (Biir. Amer. Ethnol. Bull. 124, 1939). When 
the results of an analysis were practically uniform in the tribes under 
consideration the basis was discontinued, and certain other tables did 
not seem of sufficient importance to be continued. Among those used 
for only a few hundred songs were tables showing the metronome time 
of the voice and drum, and the keynote of the song. These analyses 
were regarded as tests, and no claim was made that they were scien¬ 
tific ; neither was any claim made that the results would apply to all 
songs of all Indian tribes. They were concrete observations on the 
material under consideration, which represented as nearly as possible 
the music of certain tribes of Indians. 

As a preliminary to the tabular analyses, each song was analyzed, 
using forms devis^ and printed for that purpose. In recent years 
I have continued the individual analyses and combined the results 
in descriptive groups or tribal analyses. A comparison of the songs 
under consideration with songs previously analyzed was used for the 
last time in “Nootka and Quileute Music,” in which 210 son^ of that 
group were compared with 1,343 songs of other tribes. The dis¬ 
crepancy between the tribal group and the total number of songs had 
become so great that a comparison was scarcely justified. 

Mention may here be made of a group of songs designated in the 
analyses as irregular in tonality and comprising songs without an 
apparent keynote. This designation was adopted at the suggestion 
of Charles K. Wead, who suggested that the material could thus be 
reserved for future consideration. The designation was used first in 
“Teton Sioux Music” (Bur. Amer. Ethnol. Bull. 61,1918) and has been 
continued in later work. The table concerning the tone material of 
the songs contains a group designated as “other combinations of tones.” 
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SJTAKE BITES AND THE HOPI SNAKE DANCE 


Bj u. w, Snsuji« 
CKlef, Ourcatt «f imfirteoii 


(With 1 pJAtel 

The inost widely knnwti Atiicrican Indian ceremoKiial is undoubt' 
edly ih« »o-called Snake Donee of Iha Hopi Indiana of Arizima. 
Actually the Snake Dance is only the eonclmlli^ feature of the 
claborati] fi-<lay Snake Ceremonial, w'hicli is held in alternate years 
at most of the Hopi pueblos primarily as a prayer for tain. DnrinK 
the preliminary days of the ceremony lira snakes, includLng both 
I'cnomouB and non venomous varieties, are rltuaiistically gathered 
from the vicinity of the pueblo and brought to the klva. Here tliey 
arc utilized in the ceremonies, preparatory to fulfilling their role 
as messengers upon being released on the final day when the public 
ceremony is held, during which live snakes held in IIh* mouth arc 
danced with. 

Because of the peculiar attitude of the typical white man toward 
snakes, once the Hopi ceremony became publicized it aroused nnujmal 
interest, with tiie result that an enormous literature on the subjwt 
has been published sinoo the first description appeared in print in 
1881. Some of the early scientific iuTCStigntors had unusual oppor¬ 
tunities of observing the ceremonial in fairly complete form, lai that 
a number of excellent dejicriptions were written before the tourist 
influx made the Hopi more secrEtive toward the whitea. It is not 
the purpose of this paper to discuss the ritual or its esoteric sig¬ 
nificance, For the benefit of the interested reader a selected bibU- 
ography is attached. The intent of this article is merely to put in 
condensed form the answer, at least in part, to one of the most 
fre<juent <|ueries roecired by the Bureau of ^American ^Ethnolo^, 
namely, “Are the snake dancers ever fatally bitten; and if not, why 
not I” (For a detailed and axccUcnt treatment of this matter see 
Klaubcr, l»38.) The complete answer to this query ia fairly com¬ 
plicated and is largely bound up in the fact that the average^white 
man is highly supsratitioua regarding snakes, and the Indian is not. 




552 ANNUAL REPORT SMITHSONIAN INSTITUTION, 1941 

Likewise the typical white man is even more ignorant re^rding the 
habits and actions of snakes than he is of most other animals, since 
his superstitions cause him to avoid them. The Indian, on the 
other hand, is a realist regarding snakes and is as well versed in 
snakelore as in any other native form of life. 

The only venomous snake available to the Hopi is the prairie rattler, 
CTotcHus A study of the results of 128 bites 

by this species revealed 8 fatalities (Hutchison, 1930). Some of these 
had the benefit of antivenin treatment, so that a true fatality per¬ 
centage might he somewhat higher. Therefore the prairie rattler 
may be considered a moderately dangerous snake- Many factors, of 
course, affect the seriousness of the bite. Among these might ^ men¬ 
tioned the size and health of the victim, the location of the bite, and 
the amount of venom injected. Thus we might assume that an adult 
dancer struck fairly by a rattler with full poison glands would suffer 
painful though probably not serious aftereffects, A small boy par¬ 
ticipant, on the other hand, struck in this manner, would probably 
suffer serious r^ults, possibly fatal, A number of instances of dancers 
being bitten by rattlers, including some of small boys, have been 
recorded in the literature by reputable observers. In no case, how¬ 
ever, have uncomfortahle results been reported nor have the recipients 
of the bites retired from the ceremony after being bitten. In short, 
it is evident that the Hopi snake dancers do occasionally get bitten by 
venomous snakes. Since they are reasonably cautious and skillful in 
the handling of the rattlesnakes, such bites are not very frequent. 
From reports of competent observers and from the Indians themselves 
it would appear that serious results never follow, even though smaU- 
boy initiates are sometimes struck- The reason for this seeming im¬ 
munity has been speculated upon at great length by observers of 
widely varying ability, Klauber has listed some of the more common 
theories which he has summarized in three groupings, as follows; 

A—CONDITIONS AFITCTING THE AUDIENCE 

1. The aadience Is sulFering from some form of group hypnotism, 

2. The audience la not quaUfied to distinguish venomous from nonvenomous 
si)eclee, 

B— CONDITIONS AFFECTTING THE SNAKE PRIESTS 

L The priests have taken an Internal protective medicine prior to the dance, 

Z They possess knowledge of antidotes—Internal, external, or both^—^whlch, 
taken after an accident, quickly render rattlesnake bite Innocuous and even 
painless. 

3. Sucking, cauterizing, and arresting the circolatlon by tourniquets are re¬ 
sorted to in case of accident, 

4. The priests are so purified by the ceremonial emetic as to be immune, 

5. They are smeared with a preparation so disagreeable to the anakes (as, for 
Instance, in odor) that the latter will not bite. 
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Tb^ aiB € 0 V€wl With on inmloertible prtjpamHoii, a^p for IdvCahc^. ii Uilck 
[mint 

T. Th 9 j a™ wi heiilEhj from outdoor Hit tliat bite does not 

rhfuiL 

8u Thfij hmT« an Imoitinlty rpsiiiltlns from d lou^ faaL prior to Uwt danoa. 

9. Thoj hnlld up on Irnmnnltr by Ismiulof doseii of fononi+ as la don® witli 
horaea In ibe preparation of antlTcnJnL 

30 . They hflTe ft niystCTiftWi hypootlc power over tLe snftkeSp aJctft to tlut said 
10 be pOHw^ed by the enalce cbarmerB: of ludla 

11, They are fearlcfts of anakfWp wliJdi, tberefoiWi are wlthont power bit* 
iheiTL 

Tticj are protected by tbc rellflona exaltatloii of the rUuat 
They are actually bitten with sertouB reauttu, o£ which oatalderi are kept 
In i^-oninee. 


€—cx>srDmo2ra AFFTcmto the a vTn-Ea^AKEs 

I. Tbs sDukea* fftngs. Tcnom rfands, or both baTE been remoTcd. 

Z Their mouths have !ieco Hcwcd elM«l 

% Tliej hiiT® expended their irGDOm on hnnnleHi floakes or oUlcr objects In tbi' 
klvn. 

4. They hare hEcn mllkCil of tbelr Tenfttn Iti the klra. 

5. They are tame snalea uied repeatedly In sucreaalT® years. 

0. They hftTfthwn lately tamed by bftndllniiE- 

7. They are doped or hypaotlaedl 

8, They are starred Luto 6atuiils9Loii. 

0, They fttc hilnded by tbe sacred mcftb or puralj^ hy the tabarco fnines 
from tbe ceremoalftl alftolEfti In the klra. 

lOi Anenst La the bllniJ sreMn fnr mtUeTa; they canuot ace to strike* 

II. They am invftrJftbly held In roch a way that they cftUftot bite. 

IZ The Raffle feather ftiinfee-wanrls prerent their hltlnit 

13. They cannot strihe bvcftuse they fire not i^tmltted to coll. 

14, Rartlera ar® relatlrely itmoccofta ftnywny. 

Most of thesQ theories obTiously do not hold; others, deser^itig of 
considOTation, can bft proved false. That wnomnna snakes are actnally 
danced ^th is, of course, amply damonstmted. It is ako tmo that a 
poniop of the ceremony involves the takmg of an Intemal “medicinCp” 
This, however, is “magical” m natiiro and not concarned wiLh the 
matter of snake bites. After bamg bitten in the dance, the Hopl 
take an "antidote^ prepared from herbs, as do almost aU Indians when 
bitten by snakes. This “antidote^ has been subjeetBd to careful scien¬ 
tific tests, however, and found to b« completely ineffective (Cokman, 
1928). The Imlians, of course, do not elaiTti thie medicine to have a 
phyriological effect, but regard it as a protective chartn, since their 
ideas of the caueo of the disagreeable results of sniikei bite arc quite dif¬ 
ferent from ours (Mind^tefl, lS86a>. The emetic taken by the Hopi 
after the dance for purposes of purification also quite obviously could 
have no effect on a poison which affecta Uift blood stream. 

The fact that the snakes have be<m kept captive for eevend dajrs pre¬ 
ceding the Snake Dance, during whiiih time they are liandled, un- 
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doubtedly takes considerable edge from their aggressiTene^, as it is a 
commonplace observation of 200 keepers and others that rattlesnakes 
in captivity tend quickly to lose much of their fear of those handling 
them* 

The theory has been frequently advanced that the fangs of the 
snakes have been removed vphen they are captured, or later in the kiva. 
Curtis (1922) states that one of the priests told him that the fangs of 
the snakes are pinched off with the thumbnail when caught* Other 
later writers have claimed to have recaptured released snakes and 
found their fangs removed* It is probable that in recent years, as a 
result of acculturation, some of the Hopi villages have adopted this 
precaution. However, it is quite certain that originally this practice 
was never followed, as too many careful students of the Snake Dance 
have specifically testified to the contrary* Klauber, an expert herpe¬ 
tologist, saw at close range rattlers expose tlieir fangs during the dance 
at Mishongnovi* Lummis reports a rattler hanging by its fangs from 
the cheek of a dancer* Scientists have occasionally recaptured rattle¬ 
snakes immediately after the dance and found the fangs intact* In 
1883, Dr* H* C* Yarrow, a competent herpetologist, was admitted to the 
kiva before the dance and examined one of the rattlers, finding its 
fangs intact After the dance, two rattlesnakes were sent to Washing¬ 
ton and found not to have been tampered with (Mindeleff, 1886b)* 

Since rattlesnakes are accustomed to strike from the coiled position, 
they would doubtless be in a somewhat imf avorable position as carried 
in the mouths of the dancers* Nevertheless there is ample evidence 
that they can and do sometimes strike under these circumstances. 

After carefully analyzing all the evidence, Klauber advances the 
conjecture that the principal reason for the lack of serious results 
from bites received in the Snake Dance is that the poison glands of 
the rattlers are previously emptied, either by allowing the snakes 
to strike some soft objects or by the simple process of ^^milking” the 
glands* Klauber says: 

K I were an Indian engaged In this dance I would not be satisfied to 
take a chance on the admitted and known docUity of the rattlers, especlaUy 
having In mind the danger to some of the boys of 8 years, or even less, who, 
as novitiate priests, take part in the ceremony* Without taking any step 
which would Injure the snakes (even temporarily, as by the removal of the 
replaceable fangs), I would use the simplest, least apparent, and safest method 
of rendering the snakes almost Innocuous, that Is, by thoroughly emptying th^ 
venom glands. This statement is based on a personal experience In the milking 
of well over 2,500 rattlesnakes. 

To summarize briefly, the popular appeal of the Snake Dance 
is the result of the white man^s peculiar attitude toward snakes. 
The average person has an exaggerated idea as to the potency of 
rattlesnake venom. With moderate-sized rattlers, such as the species 
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used in the Snake Dance, a bite with jfull poison glands should result 
fatally in less than 1 out of 10, in the case of adults* 

Owing to knowledge of the habits of the rattlesnakes, previous 
manipulation and confinement of the snakes, skill in han dlin g, and 
teamwork in the dance, the Hopi dancers are not frequently bitten* 
However, occasional bites do occur but apparently never with 
serious results. The principal reason for this is probably that dur¬ 
ing previous handling the poison glands of the snakes have been 
emptied or the venom considerably reduced in quantity, 
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THE ESKIMO CHILD 


Bt And HuiiJOKa 

Curvtar, flfrtormi o/ /■A^r(c«l AnlhrOpoUtffV. 17, S- JTflltoJial iftitetim 


[WIUi ID plntn] 

Hicm is BO moro plcssinj^ or richer Jdudy in the Hold of physical 
until ropology ihuii tJiat of the human child; and a study of the Eskimo 
young is in soma reapecte evun nioru remuncratiro than that of the 
H'hito because tlie saibjccli is less fanulinr, and because the surviving 
Eskmio child is usually healthy, normal, and brought up ii-ithout 
modem artificialities. 

The Eekinio mother and father, though less demonstrative, love 
their children at least as much as do the average mother and father 
(}f iiur nice. The Eskimo mother, in fact, sacrificea herself even more 
for her babies than dties the average white mother of our time. Her 
children are more dependent on her, as under the hard oonditlona of 
life in the Korth the father is of even less Iielp than in our eiviliis- 
tion, and she wants to give tlicm the best she has in every particular. 
Ou tlie other hand, the Eskimo child, aa long as it is healthy, is a very 
contented little creature, giving but little tmuble. 

The Eskimo woman as a rule loves to have as many children as 
she can, and in every Eskimo community there ore plenty <>f tliem; 
but until recently many died from digestive disordera, exposure, and 
infections brought in by whiles. Various travelers and casual oh- 
servera, seeing the frequently small Eskimo families, drew the conclu¬ 
sion that the Eskimo woman was not prolific, Tbia, actual observu' 
tions and records have shown, was erroneous. There are, of courBU, 
'n'omen among the Eskimo, as there are among all peoples, who for 
como reason bear but a few ehUdren, and, mndy, even nu child at all; 
but iiinpff are exceptions. Tlie true conditions may be seen from Ibu 
records of the last United States constuies and from those taken by 
special observers. I have given the availshle data in one of my 
papers^' According to the 1980 census' relating to the Alaskaa Es- 

^FecOTlltr &Wm&Tf0irrp- AUitP. Jiant, pitfi, MEltrnp., vaU 21, p- W K i*q-, liW. 

'Urt AliO AudertCiB, tL C.. fiod Etll, W. C.. H** Alubi U^TM: A wnrwi pr 

MKiPlodcil Md «dqcitffiDl] mrntvM^ pp- Gtuiford UniT. inrcM, IfiM, 
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kiiDo, ‘‘the live birth rate per IjOOO of the Eskimo population in 1928 
was 47.1 as based on returns from 12 representative villages. The 
birth rate per 1,000 in the registration area in the United States for 
the same year was 19J.” 

One of the regions in which there are large numbers of pure-blood 
Eskimo in good condition is that of the Kuskokwim River and the 
neighboring area. Hei-e live about 4,000 of these people, partly civil¬ 
ized, partly stiU following the old Eskimo ways. In this region an 
investigation on 27 full-blood Eskimo women at the end of the 
chUdbearing age showed that the average number of children born 
alive per woman was 6,2; or, eliminating two women who bore but 
two children each, 6.6. Among the American Indians the number of 
children borne by women during their childbearing period averages 
about 7. 

There is, therefore, no dearth of babies among the Eskimo. As a 
matter of fact, since receiving more effective medical assistance the 
people are increasing in numbers, notwithstanding the periodic deadly 
epidemics of influenza, frequent tuberculc^is, and other diseases of 
white man^s introduction 

In rare instances an Eskimo woman will give birth to twins. At 
present such children would probably be brought up, but in the more 
strenuous past such an occurrence might have meant too much of a 
burden, leading to the elimination of the weaker infant. Nothing 
deflnite, however, is known on this subject among the Eskimo. The 
old people would doubtless still remember, and it would be worth 
while for someone who has their confidence to inquire into the matter. 
As to triplets or other multiple births, nothing could be learned. 

The Eskimo baby comes generally without any espert assistance 
and, as is usual with people of simple life and good resistance, acci¬ 
dents are uncommon. There are still practiced various old customs 
relating to both the mother and child which ought to be recorded 
and published, but the Eskimo have a lot of good common sense and 
have learned no small amount from both the Russians and the Ameri¬ 
cans, so that in many details they now behave at birth and there¬ 
after much as would our own poorer people under similar conditions. 

The babies as a rule are chubby and, when healthy, more quiet and 
patient than ours. They look very much like Indian children and, 
were it not for their more or less brownish color and the fold at the 
inner corner of each eye (epicanthus), would look but little different 
from equally chubby white infants. At first they seldom cry, and 
spend most of their time in sleeping or feeding. They are carried 
along by the mother wherever she goes, and at home they lie on skins 
or blankets. They apparently commence to smile, creep, walk, and 
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talk in the same order and at much the same time as do our children, 
but on these points precise observations are still needed. When ail¬ 
ing, they are very responsive to cod liver oU and other remedies, as 
are also their mothers. 

There is a general tendency to nurse the baby longer than is the 
practice among the white people. Formerly, as soon as the baby had 
some teeth it was given also tidbits of meat and other food, including 
bought sweets, which often did more harm than good. Feeding prac¬ 
tices are now being regulated by instruction in the j^hool, with the 
advice of the nurse and the physician; and the mothers are vei^ 
responsive, so that infant mortality is decreasing. There is, however, 
stiU much to be done in this direction. 

The Eskimo mother usually carries her baby in the hood of her 
parka, and the tot seems perfectly contented there—it will even sleep 
there a part of the time. Occasionally, the child is carried on the 
mother’s shoulders, the feet straddling her neck. There are no 
cradleboards among the Eskimo, and no head deformation, either 
intentional or accidental. Older girls, as elsewhere, help with the 
young children. 

An ‘‘education” or training of the Eskimo child begins early. For 
a girl it is usually attended to by her mother and grandmother, for a 
boy, by the father and uncle. The girl is taught the womanly duties 
and arts, the boy, boating, hunting, and trapping. Strangely, though 
living by and largely on the water, none of them ever learn to swim— 
the waters are too cold. Until recently, when customs began to change, 
the boys grew exceedingly expert with the kayak (a small skin canoe 
for one person), and later also with the luniak and umiak*pak, the 
larger skin boats of the people. They learned how to throw a dart, 
spear, and harpoon—bows and arrows were used much less and only 
on land; and they learned all the arts, wiles, and lore of the hunter 
and trapper. There were, of course, differences in the aptness of the 
pupils or in talents in special directions, and those with outstanding 
abilities were much honored. 

There is but little punishment of the children among the Eskimo. 
I have witnessed some spankings by the mother—never by the father. 
The Eskimo children in general give less cause for punishment than 
ours—they are more orderly, less mischievous. The boys have but 
little restraint, yet do not seem to abuse their freedom much—for one 
thing there is not so much chance, and for another there is a group 
discipline, once adolescence is reached, to which they must conform. 
In all my contacts with the people I never heard a complaint about 
the children. One sees them everywhere, and from the age of 3 or 4 
they begin to be helpful, doing something useful in connection with 
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the dogs, wood, or boats; as thej grow older and fitronger, they help 
also in the hunt, wiUi the fishings, handling the game, and in other 
actJTitiee, 

But the life of the Ei^tdmo child is far from being all sorionB and 
^ all work; there is also much play, ntid It would be hard to find a 

happier lot in this respect than theirs. They play in rcty much the 
same way as would our child ran under the same conditions, but there 
is less altercalinn and more steadfastness. The girls play with rag 
dolli^, which in some instaa{;es are provided by the father or uncle witJi 
an ivory or bone head and perhaps even hands and feet; and they 
build from pieces of driftwood and earth little housea, exactly as 
would ours. They are happy and talk and laugh and pretend, byt 
are never very loud. Inside they play and help about the fire, or make 
little odda and ends for thoir dolls. The hoyn like boys* play, sport, 
and infest, but from tlie iiagiitning tlieir games arc ^atod to their 
future oocapations, 

Personal embellishment in Eskimo children is now limited to the 
girls. Formerly, the boy at puberty hiul a hole made on each side 
of the lower lip in which he wore for the rest of hia life a labrat of 
wood, bona, ivory, lignite, or stone; and there were perhaps other 
pmctices, but all that has long since been given iiii. With the girl 
deooration begins in infancy. It consists at first of a simple necklace, 
now generally of varicolorail beads, with perhaps a little cross banging 
from it. As tlie girl grows, more strands of beads are added, and 
bead strings are also intertwined with the hair, producing a pleasing 
effect. A few now wear also a simple ring, but that has been learned 
from white people. The young and also older women usied to be 
tattooed and pfilnted themselves for ceremonies, but that too has ^ 

; been given up. Aside from the brads, the acme of ombcUiahment in 

the older Eskimo girl is n beautiful white-patched reindeer skin parka 
I (robe), with a gorgeous wolverine hood coll or, 

I The Eskimo childreu formerly wore charms, and some of these ara 

I perhaps still in nee, but they ara not in evidence; oven the children 

among the Eskimo are sensible people. 

TliB Eskimo children, particularly the girls, love living pels. The 
most common of |J irae are. the fat, shaggy puppies of their dogs. There 
are no ordinary watch dogs nr pet dogs or cata--they would not live 
long near the jealuua and powerful aled dogs. Some of these latter, 
more particnlarly themahlemiite breed, grow large, strong, and fierce. 
A visitor darea not approach them; yet a 4- or fl-year’Old Eskimo 
I ^>^7 'rith a stick will fearleaaly walk among them and even hit them, 

5 without any of them rraentingit. But ahouid a child fall down within 

1 their readi, as happens now and then, they will pounce upon It 

i 1 it, ehonld no help come—the old wolf habit. The young, however, 

j' make very nice and harmless pets. 


I 
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Theie no Gocifll gatherings for tha Eskimo children, no com¬ 
munal functions; but tliay may, it seems, attend the “dances" and 
singing arranged on occasions by the adults, and also, in sunmier, 
any outdoor jollifications. 

Thus passes the earlier Eskimo childhood in the Far Northwest 
Many interesting local details might still b« gatliered on this period 
and should be recorded before it is too late, for the Eskimo is rety 
adaptable and ia rapidiy changing to a modem way of living and 
doing things. 

With the approach of adoleecence the play period the Eskimo 
child is largely ended. The boy now is a substantial help to his 
father, the girl to her mother. The age at which this period begins 
among (he Eskimo girls has within recent yeara been definitely estab- 
ibdied in some regions. At Betliel, on the Kuskokwim River, west¬ 
ern Alaska, tliB mean ago for 16 full-blood girls w^ 13.3 years, for 
6 miabloods (EsMmo-WhiU) 18.2 years, with the eri:i:emes in the 
former 12 to 14^ years, in the latter 11 to 15 years,* This is much 
ihfl aamo as with the majority of healthy white giHa (18 tu 15 
years). To tlie boys, as with ours, the period is generally a little 
later. 

Formerly, there were among the Eskimo various observances 
■'rtntiw toH with this period, both for boys and girls, hut these have 
now been largely given up. One of the most curious of these prac¬ 
tices, which doubtless served as one of the tests and marks of initia¬ 
tion of the youngsters into manhood and womanhood, was the 
knocking out of one or more of their front teeth.* ^Kiis practice 
w'ag once widespread over the world, including America, and is still 
in vogue among the Aiistralians and some other primitive groups. 
It aftnma now to bo wholly forgotten in Alaska. 

During adolescence, many of the young men grow handsome, ac¬ 
tive, and in cases rather reckless and boastfiil; th* young women 
often good looking and even very pretty, shy, modest, and in some 
instances fall of inhom naive coquetry, highly enjoyable to the 
observer. Not a few of these girls now marry local white men, ami 
Tnbtm them fair wives. The well-trained and odacated girls brought 
up by such establishments as the Moravian Orphanage on the Kus¬ 
kokwim River are especially sought for, so that there are generally 
a number of native grooms:, with now and than a white, awaiting thoir 
release. 

The Outstanding Bportfi for the EskiTnu youth are wrestling aud 
toising. "Wreotlmg has always been in great repute among tha 

■For Cctillt ttal vrltlTj "FDtwr<F tn EsklBkO Girl*” Frtc. Nat Ae«d. Sd. t«L 

n. piL !tfiB.aar. mse. 
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Alaskan MatcKes, the oid-timere were held yearly ba¬ 

leen the Eskimo of northcaiflKrn Siberia and those of Sl Lawrence 
^Tand and tlie Kotzebue region. To this day, bieh on the hill at 
am 1e (St. LawraDco Island), the Eakitno show burial places of 
famed wrestTens. 

Tlie t^ng game was probably brought over by the Kussiaes. 
It coMists cpf a girl or a boy, standing on a akin hdd oatstretclied 
c y Bome feet aboTc tlie ground by strong young men, being 
y ^ coiubiiK^ ]ork thiit str^ightfiiia the dix^ppifig 
down, being tossed up higher, and so on until the players tim I 
l^vo own a yo^g woman thus tossed np, os high ns h feet above the 
mmg and descending time nnd again, ns straight and stiff as a 
* i L* niean sport and must call for no smni] abUjty on the part 

of both the tossed and the tossere. 

A heathy Esldmo child is a happy and lovable creature and, 
aicap or - isterousness, ueryousne€is, and self-cnnecinusneaa, 

Z youngster. They are tractable, 

malleable, and, tliongh lesta demonstrative than ours, Ijecarne ceim- 
me y at ac ed to a good teacher. They are by no means stupid or 
fitohd, and as siwu as the diBiculties with language are overcome, 
they pro^ss very much as do white chihlren. When the girls 
marry, if fate gives them good husbands and spares them illness, 
they k»p their homes as clean and bright as could any of their 

tFnirn fib+a-th-i 


When a child dies there is deep though undemonstrative rnouming. 
A ainall, sickly infant is not mourned for so much, hut the los of a 
Urger or stronger dn'ld is felt deeply, It will nerer tm vnl.mtarily 
spoken oj and Its name will never be mentioned. The loss is par- 
Iw ^ T"^ children can be had by tlic motlier, and may 

^or more or loss hy the adopt bn of an orphan. 
viS. * J population as a whole is happy, resourceful, and 
Jhii *^*^‘’"* ^}° ^I’em must wish them aU pos- 

j . ^ " **y ^ wise and just enough to save their children 

from the many unnecessary deaths, and aid in every rational way 
o Intone smd further develop this eiocDant strain of native people, 
who am utterly A mencan, and may yet bo the saving dement for 
™flny parts of Alaska. 
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ESKIMO TEACHER'S FAMILY. ON LITTLE DIOMEDE. 
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. Eskimo girl, Moravian Orphanage above Bethyl- 2, Eskimo girl. Kuskokwim. 
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K ruLLBLooD Eskimo Boys, wales, 



2. Eskimos at Moose creek Camp, Upper middle Kuskokwim. 





SmitSiomin Report, 1941,—Hriliike PLATE 9 



. AN ADOLESCENT ESKIMO GiRL, WALES. 2. AN ADOLESCENT ESKIMO BOY, ST, LAWRENCE ISLAND, 




E6i\|MOOlR^ ST, tH|>ND. 










WINGS FOR TRANSPORTATION^ {RECENT DEVELOP¬ 
MENTS IN AIR TRANSPORTATION EQUIPMENT) 


By Thbodobe F* Weight, B, SCt 

Vice Presidmi and Director of Engineering, Curths-WrigM Corp, 


tWlth 14 gUUBj tt-i , 

During the past few years, we have been forced to think of the 
airplane’s future more in terms of *‘air power” than ‘^air transporL” 
Starting with Munich, air power assumed a dominant role in inter¬ 
national affairs* It is fortunate that we, in this country, have been 
able to maintain a better balance between military and commercial 
aviation so that we can continue to appreciate that the ultimate role 
of the airplane is to serve peaceful purposes* 

It is not intended to imply that we can, for an instmit, relax our 
efforts in building up our air force; we cannot play the role of the lamb 
in a world of wolves* But in spite of this necessity for military avia¬ 
tion to receive such great attention, it is still essential to look into the 
future and study the possibilities and objectives of air transportation- 
This is important now and will be more so after the present conflict 
is ended- 

transpoetation 


^*The very pace of life depends upon the speed with which matter 
can be converted into energy available for transportation*” Let us 
consider transportation in general: the carrying of goods or persons 
from one place to another. We constantly seek to reduce the effective 
size of the earth and to increase the effective span of human life. Prog¬ 
ress in this field has been marked by a succession of improvements 
paralleling the development of civilization itself: by walking, 

*‘ieg power”; then by domesticated animals; by the invention of 
wheel; by the application of steam and the internal combustion engine 
to the railroad and the automobile and the steamboat; and now finally 
by the airplane. In each case, ourselves or our goods move from where 
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thftj ani i& somewhere else that wo want them to ba in aoma amount 
of dme. It is significjmt that the quotient of diatoJico ovor time is 
velocity^ or H|>eed* 

Whflt then differentiates this latest means of transportation from 
thfi othrrKY It is true that it gtrikes oil into a different medium, one 
oi three dimensioiis, the oiTt but the es^ntial differunca is that it car* 
rias out the function of lraitK|>ortotion at greater apeedjs. From 
moving under his own power at 1 miles an hour, man has contrive 
to increase hUsjieetl to 40 miles an hour hy autoinobikt to 65 miles an 
hour by raiJ, to '200 miles an hour by air when traveling long diirtaiices- 
One may ai^k: Ik it likely that air transportation will continue to 
advance and augment its services, even to become the major means of 
transportationt To do iliia it must be economically sound; and tha 
year just ended shows that progresa boa reoehed a stage of advance 
where this is now the case» 

Wo wish to aee where we are going in this new field* Trends are 
therefore important, aini it is a major object of this paper to discuss 
tills item of trends, alluding to some of the engineering methods that 
have been used in order to n»flch our present status, and to others 
which ivill be used in order further to improve. Finally, we ask: 
Should it bef Is it in general good for man to be able to travel from 
place to place three or four times as rapidly as? wna heretofore possible f 
Will his life be fuller and iiehcr and will there be greater happiuess 
for a greater number if thk maintains f My ans^wer to all of 
questions h “Tes,^' as in the final analyd^, the destiny of the airiilano 
will bo to serve peaceful rather than warlike purposes. But the 
attainment of such objective will not be automatic* We cannot be 
too We must constantly bear in mmd the Hocial implications 

of science, and make sure that civilisation is advanced and not retarded 
by oim scientific prugre^ particularly by its moat recent acquisition, 
the airplane. 

tngroiY 

With this brief statement of the cosei let ug now examine more 
particularly the history nf air transportatiotL In a lecture ^ven by 
Mr^. E+ P. Warner at KTorwioh UnivetBity on this subject, he aelecta aa 
a starting point the year 1870 and I will follow hU escample. 

The Franco^Pnissian War was under way and the city of Paris 
waa being bc^eged. N'ormal communication with tlie outKide provinces 
was completely cut off- The Parisians Bnally resorted to the use of 
the free balloon to remedy this situation. During the 127 days of 
siege, 64 balloons were sent up from Paris, earrying some 4 million 
letters and 88 passengerK to tho outside world. Only a few of the 
balloons were lost, either at sea or to tho enemy, so toat this Initial 
effort in air transportatioti may be considerod to have heen successful* 
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ThiB rawins cuiilil be used, el 000100 ^ only for transportation out of 
Paris, but an ingcnioiia mflUiod waa clOFised for making posaible tlie 
dispatcli of mturu communications Each balloon carried a quota of 
homing pigeons whpn it left Paris tvhich were sulisequently released 


with reply iiiessiiges. 

The neit step in aerial transportation took place in 1911, also 
using ligliter-than-nir craft. A i®rvico utilizing 5 2IeppelinB vas 
operated for 2 years between several cities in Germany. I>uring this 
time, over 34,UW passeogecB were carried, traveling 107,000 milis in 
all with no lo«8 of lift- The servioe was far from satisfactory cco- 
noniicaily and wos abandoned. 

But w» are interested primarily in hetiider-tbon-air craft. The 
epoch-making Bight of the Wright Brothers in 1903 was followed by 
tf or 10 years ijf actiTity which involved flying, but not air trans¬ 
portation. Aviation meets ctmaistiiag of much st unt and demonstra¬ 


tion flying were tlie rulcf- 

Almost from the first, however, tlio prospect nf carrying mail by 
oir was in the minds of all these enthusiasts though it wns rot until 
the end of this period of infancy that any official carriage of moil 
by air took place. Preceded by stunt mail-carrying wherein a small 
amount of mail might bo transported to a flying field by auto truck, 
flown about a bit, perhaps to another Geld, and then picked up by an¬ 
other (or possibly the sanio) truck and carried hack to tha some 
post oflice, a real start was made on fScptember 23, 1911, when the 
Po.st Office Department authorized Earle Ovmgton to make an 
official mail flight. Emphasis must hero be placed on tlie fact that 
at that time it was thn lairrying of mall that appealed to the popular 
fancy as tlie gnjil <it the airpliiiife 

Several isolated attempts at stordng air transport lines took place 
following this period, such as one tn 1914 which operated ^th a 
ainglo flying boat between St. Petersburg and Tampa, in Florida, a 
distance of 36 miles. All of these efforts, essentially uneconomical, 
were abandoned after short periods of optaradon. Greater airplane 
efficiency had to bo realized before success could be attained. 

A teal start, however, was mads m 1918 when the Post Office De¬ 
partment decided to fly tbs mail betweso New York and Wasbrngton, 
D C The Army Air Service, with Mfij. Reuben b leot in charge of 
the operation, was designated to do the job ance mitial bids for 
airplanes designed especially for the sendee resulted in delivery d^es 
for the era ft which were unsatisfactory to the mipabcnt officials, l^he 
lirst flight was made on May 15, 1918, and was intended ^ 
of a trip in «ich direction. The flight of the plane f Was W- 

ton. with the take-off witnestfii by the President of the United ,.tatea 
and membera of his Cabinet, terminated shortly thereafter m eouthem 
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Maryland, oorapletely off the coutsb. The trip from New Yorkj how^ 
waA succi^asitilif ctimummg liours^ Lima at a ooat^ in this 
Army training plane, of approximately the same omonrit per mile is 
now m|uirad to 0y a mndem 14-psa$e[iger tninsiiort witli many timts 
tho load and speed. HowcTcr, the line continued and great credit is 
due plundering effort to carry the^ mail regularly by air,, n. Berrieo 
which has nercT ceased to improve and expand. 

Landmarks in thia expanaiuti followed in rapid success on. One 
was the opening of the New York to-Chicago route in ndng 
rebuilt wartime DH-4 airplanes. Anollier, and on illuminating 
vieinn of the fuUira, was the first crossing of the Atlantic Ooe^n 
by ai]>—the succ^ful undcrtaldng of the United SUtea NaTji udng 
NtM flying boat. 

On l^ptembcr 9t 10^, tlie first transcontinental flight waa made 
during a competilioni one plane getting through in & days 4^ hours. 
But an event of outatanding importance occurred on Febniary SS^ 
1021, when Jack Knight completed a night flight from Omaha to 
Chicago, under tcrriflcalty unfavorable weather conditions; His 
way WHS lighted only by occadonal bonfires. Lighting of this sort 
at frequent intervals had been promised but becauEo of weath-^r con¬ 
ditions so unfavorahle to flying, many eommunities failed to light 
their fires. Made possible by this night flight, mail was carried from 
San Francisco to New York in about S3^ hdur% approximately 
twice the time now required fnr a similar Bcrvice. 

Anotlier important event of 1921 was the inaugoration by the 
Army Air Service of a regular Uajton-to-ColumbuA airway for 
night flying. Here the revolving beacon with periodic flashes was 
developed], an innovation which was to prove so advantageous in 
the system of airways later evolved for this country. Its inherent 
advantage over the eimpio Ughthnuae type favored in Europe con- 
tributed much toward the more rapid advance of air transportalion 
in thia country* The lighted airway from Chcycnno-to-Chicago was 
TOmpleted and put into operation on July 1, 1921. TTub waa a most 
important stnp in progress oa by it a great number of enthusiasts 
of that time appreciated anew the fact that in order to take full 
advantage of the airplane as a means of trensportation night flying 
must he used. This country surpassed Europe by a wide margin 
both in the proportinn and technique of night-flying operations* 

By 1927, the Post Office Department bad Mtisfoctorily established 
its basic air-mail system and woa ready to turn it over to private 
operators The last flight by the Department was on September 1, 
1927« It had expended 17 million dollars in its pioneering efforts^ 
had received back about 7 million and thus gave to the American 
people a niagnificent otoit in air transportation at the exceedingly 
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small relativa net cost to the taxpayers of 10 million dollars. The 
operation had been dangerous and had resulted in many fatalities^ 
as must all pioneering efforts, but the fatality rate decreased sharply 
from its inception to the final flight at which time it was at least 
10 times as safely conducted as at first. 

Having outlined the progress in cariying the mail which was the 
first use to which the airplane was put in commerce, let us now 
consider the progress in carrying passengers. As remarked above, 
at first passenger-carrying did not strike the American public fancy 
as the final role of air transport. This differed from the attitude in 
Europe where passenger-carrying rather than mail-carrying seemed 
to be the goal, and consequently where the start in air transportation 
was made. However, there were a few lines in the United States, the 
primary purpose of which was to carry passengers. These were 
started in 1919 and operated between New York and Atlantic City; 
Miami and Nassau; Seattle and Victoria, and Key West and Havana. 
It is noteworthy that they all used flying boats and that although 
some useful service was given, they were not by any means suc¬ 
cessful financially. 

In 1920, the Army Air Service again made a distinct contribution 
when it inaugurated its model airways system. Capt. Burdette S. 
Wright initially supervised the operation which lasted through the 
next 5 years, involving a total of 336,000 miles of flying. Aside 
from the contribution made in requirements of cross-country flying 
for Army officers, a real lasting service was provided air transporta¬ 
tion by spreading air-mindednesa to hundreds of communities along 
the airways. This resulted in a period of airport development of 
great importance. 

The relationship between Government and private enterprise in 
developing air transport was very unsatisfactory at this time. Rec¬ 
ognizing this, a group known as the Morrow Board was appointed 
by the President to investigate the situation. A very statesmanlike 
report was made, resulting in the passage of the Air Commerce Act 
on May ?0, 1926, a date to be noted as an important landmark in 
air transportation development in this country. An Assistant Sec¬ 
retary of Commerce for Air was appointed and steps were taken for 
regulating air transportation for the future. Then, in 1927, came 
the solo trans-Atlantic flight of Colonel Lindbergh which set the 
country aflame with enthusiasm for the air. Expansion followed 
at once with such lines as National Air Transport, Transcontinental 
Air Transport, the Aviation Corporation network (later American 
Airways), United Aircraft and Transportation Corporation, and 
Western Air Express, organized and started in operations by 1929. 

Another development of far-reaching significance was the inaugu- 
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ration of the Pan AmoriMii Air wit js Sy^l^in which startscl in 1^27 
with a nin of &0 railea from Koj West to Havana. This Imo ex¬ 
panded rapid]j to 1^,000 niiJefl in 1928, encircling the CarrilwHn, and 
then lo South America in 1^0,. further extending kb- miJeagfi to 
30,000* We all know and nre proud of the more recent developments 
of Pan American Airways wherein tlio Puedfic wfu? spaiiTiril In 1035, 
bringing tlie total milea^ to 33^000, and the Atlautie in raising 
the figure to MjOOO miles, a truly riunarkiible development and onn 
envied by all tlia countries of the woritL Pan American has fur¬ 
nished a most important service to our country in extending com¬ 
munication Eervices to the far-flung points on ita routes. In the 
future, this dual role, transportation and communications} will be 
important in In ter tmLion a 1 affaira, 

But to return to a somewhat earlier period, wo find that by 1&31 
there had been completed the phase of mergerw w'hich t^>ught to com¬ 
bine the great number of individual air-line companies proviouslT 
organized into basic groups much as we kno^v them today. If avia* 
tion^s *^infancy’^ ended in IDll^ we can say that its ^cliUdhood^^ ended 
in 11M3 ojtd ii« ^adolescence” in 1D31. 

One of the first air lines to be formed in EtirojMt was K, M. in 
1920* ItK record of expansion and achievement has made it one of 
tile greatest Lines in the world* We, in this country, nne rather pit>ud 
of the fact tluit the equipment w'hich it lisa used during the last B or 6 
years hag been of American design and uianufaciurv—Douglas planes 
with Wright engines Imperial Airw'ftys was formed in 1&24 Luft- 
IiaJisa in 1926, and Air France in 1933. Perhaps the most significant 
difference between foreign air linos and our own is in the matter of 
^bsidies. In the first place, the amount of subsidy abroad was and 
is larger tlian ours; and in the second place, the subsidy has nsually 
taksn the form of direct payment to tin? air lines as against the 
American way of payment for carrying tho mails. In addition to 
thn^ far smaller proper I ion which the aubsidies of our air lines bear 
to income from other sources Ilian mamtains ubriiad, the method of 
determining it, as mentioned above, is of equal importance in indue- 
ing Amerii'jtn air lines to make themselvtse^ self-sustaining economi¬ 
cally. Tliis is certainly tlie ultimate goal aiul its attainment is much 
more nearly appruxTmnted hero tJian abroad. It is w> much the case 
that many doubt tlie correctness of calling air-mail payments here a 
subsidy as they s^m really to represent a Icgitimata Government 
expense in providing a imiet necessary 
This very brief history of air transportation can be concluded by 
Btating that after 1931, whicli ended the pericwl I uiUed ^^adolcsconcei^ 
wherein its own development wa« Us chief concern^ the industry 
started its next iieriod of **youjig manhood ” Its strength was by 
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then Emch that from the utandpomt of competition it dould force 
consideratioD on other fomiB of tratiHportation. Let us therefore 
consider the broad relationship between nir tmnwporUtioii and 
transportation bj rail. 

ATR transpout ix coMi'ErrmoN with other transport 

METHODS 

Id tablo 1 this comparison shows that by virtue of greater speed 
and shorter distances, the time-saving factor favors the air by about 
354 to 1' 'Th® differential favors travel by rail by a ratio of 
3 to 2, but combining the two in a time-cost efficiency factor, there 
appears a resultant gain for the air by 3^ to 1. A more relined 
analysis is given loter but becaiiso of (lie existence of these broad 
considerations, Die rapid expansion of air transport has resulted. 
Lot U9 now view this progress in terms of eijuipinent. 


Tjale L—Tf: miJ ^1^ isir 

Vvriaiffyn A trt'fltfn 

&IK€4 botwPM Htntloas OT€r IWO inllea . <X 30ro0. 40:1 0.33 ± I 

DIstOB^ butwe^n BtiiHaQi over 2U0 mllf^ opnrt-3, 05 to 1.12:1 L15 :1 

Timt behJWn atatfons oror 300 ndliitf apdrt.. _^ 3. 00 to 3, SO; 1 ^ 30 :1 

F'nine '' iK^twefTi fifatlonff arer £00 mJlGs upfirU—-- 0. 63 to 0. 70:1 0. Ofl ; 1 

T\mK< 7 st dfiClency tioctfir=1/Ktf?t factor X ttmo 
fattot . .. ..-__ a to 0. 40; J 0 434; 1 


Bn 9 oa i|ucftAtli>iu fSr l-wa^ trtpil, IncIqdLDE^ FuHmnn in thA 

aum Vl mil imrely and Qfit tllclaf flCCOOnt of rtduclloai (or nmticj trJl** for lUe cf tcrlp 
EicJcBti or «£CiiEicEfra ntm, or other TOfHiUkJr3HlOBB, aiich &■ tlw fli'lnc In 

for atali wbio tnirllnE bj air. Tbr miult cif rooibinliaff luch fArteim will renrt tn lbv 
■nl^^fi 4 Ce of Bir m, euLia,g« In round numbcm, A ttme-coBt eaickntr frtetof fBTornhlo 

to ilLfi ftir wlwq HimpariD^ to raU of about l-O: l- 

EgUIPMEJST USED m MU TKANSPOfi’TATION 

Starting from the asm of Army training planes during World 
War I and later modified Army nliservation planes, it was not until 
lies tliat types designed specifically for oir-tmnsiHirt ui»B appeared. 
An an example of this early effort, plate 1, figure 1, illustrates the 
Boeing Model 40, a biplane designed much along the Army observa¬ 
tion piano formula hut nevertheless specifically built for air trans¬ 
port, Its cniising speed was about 100 miles an hour. By 1029 
the Ford trimotor had come into use for air transportation at a 
cruising speed of about 105 milee an hour (pi. 1, fig. 2), The expm- 
sion C)f the air lines at this time and the period iiimifidiately following 
was very largely based on the Fortl, which appealed to tlie popular 
fancy bwaui* of its monoiilane arrongement, its oll-metol constrac- 
tion, and its three engines. Not ecmiomical to operate in the light 
uf present standards, it nevertheless seemed to^ operators of those 
days the lost word in efficiency end many considered that nothing 
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better need be expected. It it none too comfortublei 

butj after a fashion, it did the |ob. 

The CurtisE Condor (pL 1,, fig. 3) appeared in 1BB0. Aldiough & 
biplane in accord with ^e earlier traditions, it nevertheless marked 
a distinct advance In two re8[iects« First, it had two engines and 
would actuallj fly at a leascnabte altitude m a satisfactory manner 
when one angina was inoperative* SecondIj, it made a very distmet 
contribution toward comfort for passenger^ both from the standpoint 
of the luxurious seats which it provided and^ more particularly, 
because nf the installation of sound-dcadcnlng means which rediic&i:! 
the cabin noise lovel to a point approximating that of othar means 
of Lraii&iHirtation, It had a cruising speed of 116 miles an hour. 

In Europe at about tbU time there appeared the Handley-Pnge 
Uanniha] (pi. 9, gg, ± biplane type equipped with four engines 
but cruising at under 100 miles an hour. A fair degree of comfort 
waa provided but its slow cruifling si;peed would nnt seem to justify 
the long period of service that it bad on Imperial Airways 

A sesquiplane, tho French Breguet Model 39^ waa developed in 1984, 
and the German Junkers triplane came out that same yean Lika the 
Ford, this latter was all-mcial construction and had three engines, 
but, unlike the Ford, it bod a low-wing rather thim high-wing ar^ 
rangement. 

In this country, the next plane whicli aliovild have special mention 
was the BoeLng S4T (pL 2, Jig. 2), also appearing in 1034. Cruising 
speeds were raised to 180 miles par hour by this ship which also had 
most of the present-day leatures of form, including all-metal low* 
wmg twin-engine monoplane construction with retractable landing 
gear. Tliis typ^ is still giving good service on several air linas. In 
there also appeared another Tcreiou of tlie Curtisg Condor^ the 
chief contribution of which was the introduction of the aleepar ar* 
rongemeut for night flyings Plato 2, dgure B, S Host rates the interior of 
^13 ship allematively arranged for use during the day and at nighh 
Witli pianos of thia type American Airlines Biarted its popular cross¬ 
country sleeper schedules. 

As to flying boats; a. alep ahead occurred when the Sikorsky S-42 
was placed in oervico on Pan American Airways* Although the fir^ 
large boat used by that company was the Con^iolidated Commodore, 
nevertheless, the S—42 and S—42A ware and stiP arc standard equip¬ 
ment for the South American runs* Plate 3. fumre 1, ahowa this 
Sikorsky, 

It was also in 1934 that the Douglas DCt-2 appeared, embodying ail 
the Qf&ieni iai improvementa which ora useil in tlie present-day air trans¬ 
port In addition to the use of two-enginei, low^wing all-metal mono- 
p one arriLitgEment with retractable In tiding gcar^ introduced by JJoe^ 
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ing, it also incorporated the Wright Cyclone engine with NACA cowl, 
the wing flap with resultant permissible increase in wing loading, and 
the controllable-pitch propeller. Cruising at 180 miles an hour with 
a complement of 14 passengers, it provided a degree of excellence in 
air transportation unequaled (if not indeed unapproached) by any 
other piece of equipment. It is indeed fitting that the Guggenheim 
Medal should be awarded to Donald Douglas this year in recognition of 
his contributions to air transportation, starting as he did mainly with 
the introduction of the DC-2. Plate 3, figure 2, is a view of this air¬ 
plane in flight. 

Again to revert to flying boats, there is shown in plate 4, figure 1, 
the Martin 130, by means of which the Pacific route of Pan American 
Airways was opened up. Cruising at 130 imles an hour, this flying boat 
possessed a very high ratio of useful load in proportion to gross weight. 

The next big step in equipment development was the Douglas DC-3, 
the present standard of air-transport equipment of the air lines of 
the world. Although developed directly from the DC-2, neverthe¬ 
less, by virtue of greater span and larger fuselage, coupled with 
slightly more power permitting a substantial increase in useful load, 
it has made possible very great economy of operation. With a gross 
weight of about 24,000 pounds and a payload of 6,000, it cruises at 
181 miles an hour and can be operated at a direct operating cost of $65 
an hour; 39 cents a mile; and 1.8 cents per 200-pound payload unit per 
mile. This airplane is shown in plate 4, figure 2. 

TRENDS 

Having illustrated the advance in air-transport equipment to this 
point, it is desirable now to show by a series of graphs the trends which 
are indicated for various phases of our subject. 

GBOWTH OF Am TEAN8P0BTATION 

First, let us consider the growth of air transportation as illustrated 
in figure 1. The four sets of curves are self-explanatory in showing 
a tendency to accelerate in growth during the past 2 or 3 years, and 
particularly in 1939, as measured by growth in airways, passengers, 
passenger-miles, and ton-miles of mail and express. One can only 
reach the conclusion from these data that there will be a substantial 
period of time before any falling off in tendency to increase may be 
expected. 

lOTNOMIO ASPEOTB 

Now let us consider certain economic aspects of the situation in a 
second group of graphs (fig. 2). Here, under fi^re 2 (A) is indi¬ 
cated the saving involved by air travel as against rail when considering 
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ftU factors of fliTperise, including fialary loaSj and under three 
catJoTis. For tho middle case, a salary of ¥3^00 per year, it appears to 
be economical to traTcl by air if the distance involved is 750 miles or 
greater^ and mider the aa^umptiun that the alternative of rail travel 
TPTOuld be carried out at night to cut down the salary lris» while travel¬ 
ing to notldng or to a minimiini. If travel were to be earned out in 
the daytime by either meana of transportation, the lines i^presentiiig 
air and rail travel cross at about 200 mUea for all salary bracketSu 
Under figure 2 (^) a few atatisticH ore shown. Reducliou iu 
passenger fare from 12 cents n mile to 5.7 cents has brought this item 
to a point where^ from figure 2 (A)^ it appears reasonable travel 
econtaiiy is effected. The tendency for passenger-load factor to 
stabiliro at W percent requirt» ijome eoiamcnl as^ offhand, it might lx 
eonaidered that a larger amount would be necessary or at least de¬ 
sirable* However, it should he realized that in order to attain thui 
average, therei must, of necessity, be many trips w hich are 100 percent 
filled* It is also evident that at 100 percent load factor, it would be 
likely that in many cases passengers would bo turned away because of 
lack of capacity. Furtluirmore, ^ich a lack of capacity wouUl imply 
failure on the part of the operators to render a Kerdce which can 
reasonably be expected by ihe public. It appears th(*t the tendency 
to stabilize at 60 percent wiU persist anti ttiat air lines must therefore 
Eiwkoa on making tlieir operations satisiactofy to themselves 
financially on this basis, 

The next noteworthy Item is average! trip length which is ap¬ 
parently stahlliKing at about 400 mih-s, a derrease from a few years 
ap due to a tendency parent Ij for short-haul traffic to increase, 
Xext, there is tins figure of 95 percent efliriency in completing trips 
started. 

In figure 2 (£ 7 ) there is shown the increase in air traffic against 
Pullman traffic from a figure of fust over 3 percent in 1035 to almost 
i i^rcent at the prei^ent time (Decemtjer 1939) As the points on 
which tMs riJrve are ba^d lie on a straight line, it is reasonable to 
TOutinuation of this tendency, reaching 10 percent by 1045. It 
is possible that there will ha an acceleration tiip-reafter and several 
have prognosticated a final flattening rnji at 40 or 50 percents 
Apropos of this p[)^bility should lie mentioned the compBri^on of 
bus and rail traffic* A comparisou of these two inodes of travel 
rimwed that but 1 |>errFnt as many people traveled by huB as by nil 
in 1920 while hj 1082 a figure of 87 percent was reached. 

TratiB-Atlantic air travel has only just commenced, but in view of 
loads now being carried by Pan American Clippers, it r^in con¬ 
fidently lie predicted that the proportion of air to first-class boat 
travelers wUl be atibstantial. The market h available, as recent anal- 
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yses have shown that in normal times there are a hundred or more 
passengers per day crossing the ocean in liners and who pay rates 
comparable to those asked by Pan American for air passage. Already 
Pan American, with over 100 crossings to its credit, is averaging about 
20 passengers a trip on a twice-a-week schedule with occasional sched¬ 
ules of 30 or 40- Mail, averaging about 1 ton a flight, has occasionally 
gone to 3,500 or 4,000 pounds. It is rumored that more frequent sched¬ 
ules will be justified in the near future in the expectation that even in 
peacetime such frequency of schedule will be justified. 

The last subdivision of figure 2, graph (i?), shows the improved 
efficiency of the airplane as measured in terms of horsepower-hours 
per ton-mile pay load. This factor has decreased (showing increased 
efficiency) since the start in 1922 from a figure of seven to a present 
figure of just over two. The fact that this curve has flattened out is a 
clear indication that the difficulties of further improvement will be 
great. It should bo noted, however, that in general our air lines made 
a profit in 1939. I previously mentioned a direct operating cost of 1,8 
cents per passenger-mile for the Douglas DC^-S airplane. If a 66 per¬ 
cent overhead is assumed and a 60 percent capacity load factor, it 
means there is an actual operating cost of 5 cents per pavenger-mile. 
Subtracted from present fare averages of 5,7, a profit of 0.7 cents per 
passenger-mile, or just over 12 percent, results; so passenger air trans¬ 
portation with present equipment can be made profitable. 

GROWTH IK pl gt i ; 

The graphs of figure 3 are desired to illustrate the growth of the 
airplane itself. It should be realized that average curves have been 
drawn to show the tendency to increase in size. Naturally, there are 
smaller pieces of equipment coexistent with larger. In fact, curves 
(^) of figure 3, rather than being averages of all equipment, 
are more accurately a trend of the largest sizes for any given period. 
The tendency of the weight curve, (A), for landplanes to flatten out 
as against the nonexistence of any such tendency for flying boats is 
significant in connection with the different type of service each pro¬ 
vide. The long-distance service of the flying boat requires less fre¬ 
quency of schedule and makes it likely (as indicated in graph (A) of 
fig. 3) that greater and greater sizes will be developed. However, for 
landplanes, the desire for a service “every hour on the hour’' auto¬ 
matically sets a limit on size increase. It is perhaps noteworthy that 
the Douglas DC—4 airplane which will first he placed in service is not 
the original DC^ but a smaller version. This flattening out in size 
curve for landplanes will, of course, not persist if in the future, as may 
well occur, landplanes are used for transoceanic service. 
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Gmphfl (S) and (<7) of %ur6 Z show, rcffpectivaly, increases in 
horsepower and cost of c<iuipinent Twin-engined landplnnes coat¬ 
ing $115,000 may be esiieeted to incrcaBC to over $235,000 and four- 
engined equipment in the $050,000 bracket will bo with us soon. In 
the flying-boat field, we are now in the half-TnilUcm-doUar elasa. 
Graph (D) of figure 3 shows the steady increase in average seating 
capacity, rising from 7 in 1033 to 14 at the present time, 


CDUrOBT A*TJ OAIliTT 

The curves of figure 4 are presented to show iiaproTemenLi m com¬ 
fort and safety.* Graph (d.) is cltrieniely important, in that tho 
steady increose in weight per pssaengin of passenger fumiahings and 
safety equipment shown has been &> marked in the past 10 yeans ^at 
we have arrived at the point where the operator now carries the equiva¬ 
lent Weight of two puEsciigcrs and baggage for every one that he aciu- 
ally earnest In other witrds, passenger furnishing now amount m 
weight to 175 pounds per poBsenger with safety equipment at atout 15 
pounds. This increase nf IM pounds per passenger of such equipment 
between the old Ford and the Douglas DC-fl U a good measure of the 
improvement in comfort of the niodem air liner. An jnierisstiDg si e 
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conuneQt Hero concisFtis tJiti fiict thnt bconii&Q of 6ie Iticnnaj'^ just ils* 
it hfifi fiot been posdblfi to increane the neefiU load in terms of 
percentaj^ of gross loucL Tn fact, an ftctuol dccreniw hua octiurrwJi 
From 1D2& to this peroentago has ileci'eiieed from 40 to 33^ whora 
it appears to be stobihiEod. tor Ojing boats, during the sbitup jieriod, 
it started at 46 porcs-nt Eind increased In iwrtein instances to 50 but 
now Bwms te be stabilking at 42. The fact that it has nijt gone (Jown 
still further is only ihie to unprovemente In stiiictural effioioncy which 
have been aecomplislied. 



Ptoviaioii for increased spaoe us shown in llgnre 4 (jS) will be recog¬ 
nized at once as a aiibeiuiitial contribution tovrard passenger comfort.. 
These eurres for fly ingboats give values roughly twice those tliat maui- 
tam for Ian<lp]enes. For tlm latter our mcaiern transport planes pro- 
Fide over 10 square feet and CO cubic feet per pasBonger. But from 
the «tundpoiut of comfort, it ie perhaps figure 4 (€) which shows the 
meet important contribution, namely, reduction of noise. The decibel 
nil It (old scale) is used and it may be seen tliat from tJie days of the 
Ford in which tiuioB of 110 dcctbula existed, we are now in the 70- 
dedbe] range. This iO-percent decrease is (os mentioned above) 
based on the dedlml unit which, in turn, is a logariLhtnic scale lueuziire- 
ment. The actual sound iu our prcscnt-duy air-tranaport cabins ia 
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but l/SOtOOO as much as 10 years ago- In ittct, it ^ 
same iw fur the Pullman car, being, of course, far 1^ 
cai 9 and subway trains, and only slightly more tluiii for an automobUe 
St at 60 miles hour. To obtain further 
ruirStpenditurc of a greater amount of weight, it« ^ 

SS °^'TJ;,TsZ 

which 

been completed without a jaiaiuy » „i,^u Twirmlntion of 

tbft citv of Wasliiiifftoii Ui Boston and xniii rwju^i ^ 

„c£^Cd“p,^ch«.g cwc-iMcds «< • p;^E« “S 

SubflLantifil ccmtiibuHons have al^ b«m ^ , 

™nt in rcilcbilitj »f Ih. P»«» Pl»"^l “c 

suecd Drooeller; tremendous developments in uistrumentation, 

L-^ir'ffs'S’iSSa 

conditions more comfortable. Tim importajit an 

of mcttorelog,. "ii” commuDicrtioo, end wrwoj Iroffic contn.i 

fiilould also be 

Af&rt*A3fE cHAFiVtnngffncs 

_ ^ ^ illu^mto trends of airplane ^jbsractor- 

to 200 miles an hour—(.d j' “ ***” “ . , rimp be. 

is now evident although there will ^ a reached Ir tbe 

fore the limit for certain classes of equipment is reacttea. Jm 
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C11TV6 for londplaiies at a figure iif just under 3$ pounds per scpiere 
toot. It is likely that seaplane loading will cnritititie upward 
although both may be furtlter increased (than shown by these 
curves) ns the re^t of introductlan of assisted take-off meaua. 
Power londings have not decreased greatly and will probably stabilize 
at about their present figure^ 

In cotmecdon wiih landing speeds, figure fi (O), the fljittemng-OEit 
tendency of the curre is indicated, but it shcnild be mentioned that 
in ^ncral it can be shown that for equal safety, landing sijeeds can 
legitimately mcreaso proportionately to the sJith root of the gross 
weight. Here again, therefore, the eurro depicts the trend for the 
largest sizes of equipment and it may b« eipected that for smaller 
planes the landing speed wdll tw less. 



Tmuaz ^ 


Nc2rt consader crMieing altitude, graph {D) of figuro 5, where 
the jumps represent for the most part chaiiges m the poorer plant 
which permitteil economical flight at successirely higher altiiodesL 
Starting from just over levels there waa a jump in the DC-2 
airplane to cruising at approsimAtdy 10,000 feet which remained 
tlio case until the present time, Deeembv Equipment Just 

about to make its appearance will mire this to 20,000 feet and it ia 
my belief that eventually 35,000 feet will ba utilia^ for certain dosses 
of eqaipment and Berries* 
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Thaae curves, then, show the trend Let us now see some of 
oic^ modem wr-tnuisport ijlanfis now operating or sbout to 
placed In service. To sUrt off again at the point where we preTioualy 
stopped—the Douglas DC-3 airplane—let us note m plate 5, ngura 1, 
the bterior of this ship as used b 7 United Airlines tetween ^ew 
York and Chicago. The picture speaks for itself as to the pmvisiom 
which are made for passenger coi^ort, Plate fi, figure 2, shows the 
interior of a DC^ uccommodating 21 passengers as used on moat of 

the air lines in this countiy and many abroad. 

In plate 0, figure 1, is a view of the Short Empire flying boat wluch 
is a thoroughly modem piece of equipment used by Imperi ^ ^ ways 
and seen in tliis country on its trial trans-Atlantic flights and m the 
New York-to-Bennuda service last year. .. , . , u 

Nest we see in plate 0, figum S, the Boobg 314 which has done meh 
yeoman service in Pan American trans-Atlantic opcrationa. no er 
view, od the interior of this ship, in plate 6, figure 3, gives an i ea o 
the spaciousness and comfort that tla paBSMiBens enjoy when travel¬ 
ing on these Clippers. „ - * 1 ,.., 

The Lockheed 14 in plate 7, figure 1, although em^er m him than 
the DC-S, provides a very wcellent and comfortable service at th 

high cruising speed of 220 mtl^ nu hour. _ - , 

Pl.t. T, fiBu« 2, show. tl,. DO-5, aboul to to put luto 
seme in tiSi coonlr,. It j. notsisorthy lot the mtroduttion of Iho 

tricycle landing gear. . . u 

In plate 7, figure 3, there U shown a very fine t»ow nf 
307 Stratoliner, Bcveral of which were recently orden^ by TWA ^d 
Pan American, to be placed in service this year. And m plate 3, ig- 
tire 1, wo have a DC-4, the largest of land air tianapocte yet ptudu»d. 
It is noteworthy, not only for its fine perfomumes and Inad^^anying 
ability but again for the introduction of the tncycle landing gear. 

XhB FtrltSHE FOR PEUFORMANCE 

Aud BO. to thito moro t.bk» iiditotioB Ih. I^hM“ 

nf the futuB, for .p«i sod moBA Ib tahl. 2 «o shorn, to fc«o™ 
which made possible the 80 percent mciease in ct^ing upwda wbch 

occurred from^ to IDSP. The preponder^t c^t of a^ 

cleanness shown in the firet item is noteworthy, 

substantial items of increased wing loadm^ 

ing, flying at higher altitudes, and wing efficiency; 

minor improvements in the last threa itmn^ i^^Sht 

efficiency, and weight reductinna brought about by G 

improvement These features have brought the speed from 

430577 - 
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180 niilGa an hour, ily priignoidiciition of incroasea to 266 iiiilea an 
hour crumiig spreds in the neait 10 years will be effeded by the sumo 
ilenis but with a different relatiTe pro^Hirtion for eaeh as sliown in 
the second col li mn of table 2. The importance played by flying at 
still hi^er altitudes should be noted together with important im¬ 
provements in drag reduction, although of only one-ejuarter the 
iru^itode that maintained for the last 10 yean*. The reason for 
this ia showm in table 3 where it will be oh^rved that horsepower 
“wasted” in ovopcoming unnecessary drag is now but 20 percent of 
the total as agsinst 66 percent 10 years ago. At that time, siweds 

T^Hija 3.—jp yearf advance In at}tv4vniimle cleaunraa 
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niBtU i;ood were otily G5 peroeut of wh«t Uiey would Uavc been if ^ 
this unnecwaary drag were elimmatcd and a perfect Btieamlin© 
plane pitiduocii This proportion of actoal speed to 
is now 90 peroentj leaving only a sliort way to go m poasi e P- 

™ Table 4 indicates three factore which will eontribute towarf in- 

crensing range by about 30 percent in the ne^ 10 

lieved these are aalf explauatoty. However, it should be noted that 

Tajux *.-Airpiam rea,e; fartor* cati^t (acrewe in «€ W 


PiDCfHr 


itieitfljM liutonwitSMlly tnipraiffr 

the PTdPf — - - - - 

In ijMSrfJto c!0>wumplio^- 

redatrtlOPfl- — -- -— 


Th^ tmprtfirfroiait may be saf 


Tolu]. 


10 

5 

30 


all of the specl increase ahown in table S ^ 

ujcrBasB since that proportion which will be attained by flj ® 

altitudes wiU not result in range improvement and. as weU, the we^M 
reductions resulting from rtrectural improvements “ 

are higher than schedule speeds which are redu^ by 

teke-off and landing to give what ar. known 

As these losses are constant regardlesJ of Crtiwmg 

rengn increase due to cruising speed improvement ^ 

as sliown. A further 10 percent reduction m te 

lion is especteJ althongh it will be dlMcii t to o m ^ 

realized that in the past 10 years, specific fuel coaumption J*™ 

from about 0.52 pounds per homepower hour to about 0-41, a 

percent improvement. 

THE FUTURH OF AIR TRANSPORTATION 

Now I shall briefly discuss the future of air trenspoi^rion. Let 
us look at plate S, figure S, which shows tha New North ^arh, 
U Guardia Airport in New York City, from which Derations start^ 
on December 1, 1939. This magnificent air^me with its ' 

direction runways and fine hangare and waiting rooms is a deth^ 
indication of air trensportatWs future ei^sion. 
dtica whidi provided themselves 

th* railroada to pass within thoir limits m the 1870 s and flffs, 
made eortain tlieir future as centers of commerce 
likewise the case will bo now for those cities that provide theroselvos 
with proper airport facilities. At North Beach dual facilities for 
ittild and water operations ar^ provided- 
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Next arc aho'wn picws of Syitig which inaj bo important 

in further dovalopmcnt. First, in ploto D, figure Ij thero is the Mayo 
conilweito airplane arrangement which by means of asaiated take-off 
provides the operating, or top unit, with incroand speed and range 
which may therefore be a factor in trans-Atlantic mail Qying. 

In plate fl, figure 2 , there is shown a view of a model of a hollcoptor, 
a type of aircraft which will be used for transporting mail and pas¬ 
sengers from airports to roof tops in Uie centers of cities and even, in 
many cases, for short-haul traffic dilXMtly between city centers. In 
addition it may revolutionixo <}ur conception of privato-owncr air- 
croft. 

Plate 10 , figure 1 , is a view of the Curtlsa-Wright Model Twenty 
with pressurized cabin and with extremely large baggage and express 
^mpartments. A noteworthy contribution to economy of operation 
is expected wlien this plane goes into service, making it eminently 
suitable for use between large centers of population. Other views 
of tois plane during its devdopment are shown in plate H, figure 1 , 
which is an interior view of pne arrangement which acoimimodates 30 
passengers, plate 10 , figure 2 , which illustrates, in 4 construction 
■new, the unique manner in which structural promion for pressuriza¬ 
tion is provided, accompanied by provision for tremendous bulk of 
bagg^, exprera, and freight under tlm cabin floor. An idea of the 
size of the plana ie shown in pJate H, figure 2, where one of its four gaa 
tanks ia set beside a two-place training plane; die tank is ahnoet as 
1^^ as the entire fuselage of the training craft. Plate 12 is a view 

plane provide 

st^higher standards of safety and economy in operations. 

, ® final iI1ustra.tians of this paper are views of the most modern 
^pment now flying; the beautiful Boeing Pan American Qipper 
{pi 13, %, 1) and the Douglas DC-t (pL 13 , fig. 2 ). Last of 
two views ^ustrating a prediction of Mr. Sikorsky of the trane- 
Adautic airliner of the future, plate 14^ figmo 1 , showing the diuing 
salon and plate 14, figure 2 , the flying boat itself in the air. 

CONCLUSION 

^ We ha^ thus reviewed tnmapoTt aviation, showing its hiatoiT from 
mtency to 1$1I, through “romantic childhood'* to 1920; “painful 
its satisfactorily progressing >ung manhood*’ 
to the present time; and ite promise of “maturity” for the future. One 
cannot hut be inspired by contemplating some of the following: 

A recent TWA timetable ediedule headed “Europe_^New York—Chi- 

^»go—Los Angeles—San Francisco—Asia.” 

Statesair ^sterns, American Airlines, 
^ April 182T, to its millionth in Feb¬ 
ruary 1987, and lie two millionth in September 1989. 
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The fact that our domeatic air Hubs are now fljmg over 2W,0£10 pl^o- 
miles each day; the equivalent of 80 round trips from New York to 
Los Angeles or of 10 trips around the world at the Equator, or 

perhaps better still, one to the moon. 

The fact that there are BO large airlines flying daily each way on 
scheduled trips between Kb'v York and Chicago (a greater number 
than holds for through-train schedules). 

The fact that wa mo now enjoyiiig regular semca coast to m 

just under 17 hours which wo may confidently eipect will, ^ 

reasonable time, be reduced to 12; snd regular trans-Atlantic trips 
of 24 houia^ duration at present which wiU be cut eventually to 18. 

Theso factors or® all indicativa of the inapiring future of air 

I cannot dose without again referring to my belief that this bod¬ 
ing of peoples cloeer together will be a tremendously unportont factor 
in maintoining the peace of the world once the 
This vision was, sirangely enough, first pronounced alm^ 
years ago by WUliam 3. Henson, the inventor of an 
carriage’ in 1843, His vision of the airplane as represented mMhan- 
ieally in hb invention wa« remarkable in 

many respects to our present-day airplaai^ is 

ceraing hbvieion of hun^ relations os affected by tos invention is 

ovflu important and is quoted below - 
miles m lenutb t* ifrent. m^y he 

be dnahrt ss an hcmio. advanre. arc wltf -uMnirtlve ^t^ 
larsclr bcoeflelsl m the booMia fUnJlr* ^ f i-<» oa 

that me vctj oatcre of the 

Sr«mmuulty • • ■ when m«. diV stronrers. they 

CQCmtis; renilcr them matuJiIly acquainted, and tier on their 

UMftU, end wliro thetr Interesrs are at slate we mujr safely redwa on xmr 

ccmtlnued khU WeudflbJpe * ■ • ^ 

Let us continue to improve our air-transport pianw and our s^ 
transport services. Let us see that the objectives finally accomplish^ 
are th^ envisioned above. And make certain that it shall n^ come 
to pass that the air conquers man, but that truly man eonquere 






U' 


I 




>: - if* 

b'.’ ■ 

'i r.*’* 
JfU ' 


:-Ji 



5 


I 


vr 


■ .n 


7 


jji -i ■ ,t '. 



- ■* ' v^r 














SmitHsocumn Repdrt^ Wright 


PLATE I 



i 


1. BOEING 40-B. \9Z6. 




2* FORD TR^MOTOR. 


















Smithsonkn Report. I94L—Wrisht 


PLATE Z 



T . HANDLEY-PagE 42. t93K 



2. BOEING 247, 1934. 



3 . CuRTfss Condor sleeper. 1934. 







1 


Scn^thwniaj) Report. 194 L-Wright 


plate 3 



2. DOUGLAS DC-2. 1934, 



RifHfL liV4l.—ViifhA 


PuATi: 4 



2. DoUCSLAfl OC-^, 193$. 






SftiithKrtiiin Report, 1941. —Wright 


PLATE 5 




1, iNTERIOff OF DqUG1_AS DC-3. 1937. 


2. Interior OF Douginas DC-3. 1937, 






SffuUwnkn Rcpoirt, I94L—Wr^bi 


PLATE 6 



1 . Short Empire Flying Boat. 1937. 



2. Boeing 314 cupper. 1937. 



3, Interior of Boeing 3i4 clipper. 


















II 



K LOCKHEED 14. 1937. 



2. Douglas DC-5. 1939. 



3. BOEING 


307 STRATOLINER. 1939- 










Smithumimii Repckft, l^^4L—Wright 


Plate 8 



1. Douglas DC-4, 1939* 



2. La Guaroia AmPORT. New York. 1939* 











iVuiliiBBlMii Wl. — Wiri^ 


plate 3 



2, PrtOPOSED TRAN3WRT HEUCOPT^O. 








RrtKtftp mi -TriKlik 




. CLJRTIS&^WRtOHT Model 20. 1040. 2. CURTIB£-WnK3HT IVtODlIiL 20. 

l''l0VMon Icf pnAinriuktlgn- iwl (aica ipooih 








SmitbKiniAn Reports IWI.— Wriglit 


Plate 11 



l. Interior of Curtiss-Wright model 20, 



2. Curtiss-WRIGht model 20* 
Fuel tanfe sixe coTnpftriscm. 



SfnkltM^niJin Riifurt^ 1941.—Wright 



CURTiSS-WRJGHT MODEL 20 »N FLIGHT OVER NEW YORK ClTV 









5fnieh»man Report, WI,—Wright 


PLATE 1 3 



t, Boeing pan AMERtCAN Clipper. 



2. DOUGLAS DC-4. 






ZniillaMuifi Ripurf^ 


PLATE U 




2 , PFlaPnOSCOSlWFlSKY OCEAI^ 


INDEX 


Abbot c. G- «“ *^*'*‘' 

2T 

*iiLi-..»o TfT ¥. h-iTUi . .-- ^ --■ 

^&lllKfiLl-i “■ __ 

Aclicrt vrtuijim R, H----- 

4T 

AdactS^ itflnwrw.— 

Aduras, Wo1t« B. rWUt U<» w“D^i^r' 

I4l 

It 

AdmVfliAcrAts™ ' 

tIV 

Adinlnlatratlt« atttO, N'ottoiial MuBsmo— 

25 

AxnGor. CflfiM- 

401 

j!Slch.'2SSl a^Sitant Dlro^or. Astrophjalca] Q^.r^torf-.. 

_xlU, lOS 

An^rflws. A. J,—--- 

_ TS 

Anthony, Coit«’ H-*- 

Ar^towfki H_ - 

_ T,llO 

in. 

jaXl- fctJ w rmMy ■“ 

Artbnr, JumM* bHpiosl 

13 

Arthnr lecture^ oniXh^.- - - _ - ' 

_ 151 

Ardflcifl! con^rtera of wlor fwetaowj 

■- lt,X 

AaiUls&t Swratarr of th« losHtuHoii WOTOorej 

_ X 

AnoctotO Dlrefflaif, NflOontil Jltteeam **• - 

- XtllpT 

AHtnjpays^w*-^ ^ 

%7 

AuDalri— - --- 

110 

Field Statlona.—----- 

_ no 

Personnel --- 

106 

Beport ,—- 

__ m 

Snininury————- -- ‘ 

_ 108 

Atom. The new frontier* In U)c (Lnwienwi— •- _ 

Attorney Gengrul (Robert H. Jacteon. member of lie Instlmtton* 

_ _. lx 

_ x 

Awlr Alisie V ——-- — - 

-le 


Ayres, T^ulJi— 


B 


Bacoa, Mm, Vltif&la Piirdy. -——- 

Bjirtley, A3t«?n W. ot tbe -- 

Darnea. J* 1 ^——— -- "" 

B«rt]£tt OifWi^aa'd e^psjflStimi,-—— -- 

BartiBtu Eiot^n ---- 

BartBchp Paul—---—- 

BiiSftlprT 8^—————-- ^ ” 

Bearb, Jcs^e ——--—-- ’’ 

BcaU Glfliord. _———'— - 



11 

li,S 

X 

IS, 38 
r,si 

il 

4^ 


585 































































































586 


iNDmi 


Belliif Ferdinand Lammot, Vice President, 

Art_____ 

Belote, T. T____ 

Bent, Arthur __ 

Bequests_ 


Bishop, Carl Whiting_____ 

Black welder, SUot (Science and human prospects) 
Blackwelder, R, B____ 


Bllven, Bruce (The genes and the hope of mankind)— 

Bolivian Minister_ 

Bond, Mrs. A, M_________ 

Borle, Charles K, Jr_______ 

Boss, Norman H___ 

Biivlng, A. G_______ 


. Pigfl 

Na tional GaDery of 
-xli, 30, 37, 38, 44 

- Ill 

-1- 14 

—_ 267 

_^,3,20 


Bransford, Uoyd- 
Bridge, Josfah_ 


4 

108 
40,47 
il 
li 
60 

_ 30 

Brown, W. L_,_____ 

Bruce, David K B., President, National Gallery of Art__^_lil, 35,30,37,38 

Bryant, H, S___ 

Bryant, Herwil M_~_ 28 

Buchanan, h* Jj _ ^ " i 


Bush, Vannevar (regent of the Institution)_ 

Bushnell, David L, Jr____ 


__ix, 8,9,130 

__ 18 


Canfield fund_____—_ 

Cannon, Clarence (regent of the Institution), 

Care of captive animals (Walker)____ 

Carey, CHiarlcs.___ 

Carrlker, M* A., Jr__^__ 


Cassedy, Edwin G- __ 

(^amberlaln, Frances Lea, fund___ 


21 
te,8.9 
* 306 

xii 
. 20,27 
67 

- 21 

Chancellor of the Institution (Charles Evans Hughes, Chief Justice of 

the United States)______ 

C!hapin, Edward A-___ ^28 

Cltlef JusUce of the United States (Charles Evans Cha^el'lor 

of the InstitoUon)-li, S, 8,9.36,37 

87 
xii 
ii,16 

_ xIU 

_ 401 

_1,16 

_ix.8.9 

_ xii 

_ xlli 

_ xi 

_46,47 

_ I 

tx,8 
xill, 5,61 
_ lil 


Chief Justice of the United States (Harlan P. Stone)_ 

Chief Justice of the United States (Trustee, National Gallery of Art). 

(^ase, Agnes_ 

Chase, Florence M ______ _____ 

(Useful algae)_____ 

CJlark, Austin H_ 


Clark, Bennet Champ (r^ut of the Institutioa)__- 

Clark, Leila F___^__ 

C3ark, Leland B_^ 

Clark, Robert Sterling_ 


Qarke, Gilmore D- _ 

Cochran, Doris M___ 

Cole, William P^ Jr. (regent of the InsGtntion), 
ColilDS, Henry B., Jr- 
Commerford, Lt E_ 





























































































INDEX 


587 


Compton, Artlmr H, (regent of the Instltotlon)-- 

(Science shaping American ctiltnre)---— 

Congdon, C* E---- 

Conger, Paul S—-----T 

Contacts between Iroquois herbalism and colonial medicine (Fenton) 

Cook, O- F- 


Page 

_lx, 8 

175 

_ 63 

_ xl 

^ 503 

_ X, it 

__xi, 18,30 

lx, 122 


Cooper, QnstaT Arthur- 

Corbla, WllUani It, Ubrarlan ol the InstitntiO!n_-__ . „ „ . 

Craighead, P. C. (The Influence of Insects on the development of forest 

protection and forest management)- 

Cross, Whitman. 


CTuhan Ambassador,^ 
Cushman, Joseph A, 
Cushman, Robert A- 


Mi 

xi 

4 


43 

ix,8,9 

62 


DaTidsou, -—— 

Davis, Harvey N, (regent of the InstituUou)-^- - 

■^ph^e^t of the linguistic portion of the Maya hieroglyphs (Whorf > _ ^4ra 

Defense work—— --* ^ 

Delgnan, EL G- 


Delano, Frederic A- (regent of the Institution)*.- 

Densmore, Frances—^———-—*"* 
(The study of Indian music)— 


__ lx, S, 9,136 

_6,03,64 

527 

Dorsey. Harry W.. Admlnlstrattve asalstant to the Secretary- ^ 

Dorsey, Nicholas W.. Treasurer of the Institution-—^ 

Dmcker^ Philip-- * ^ 

Duncan, Wallace E~-----^ 




Eagleton, Sterling P------ ' 

Editorial division. Chief (Webster P. True)-- 

Eggers and Higgins--—* ■ — -- " 

Eickemeyer, Florence Brevoort, bequest—.-^——’ — * 

Elnarsson, Ttgfus (Iceland, land of frost and fire)- 

Electrical Industry, The role of science in the (Smith)- 

Ellis, Max --- 

Ellis, T. Kenneth-^--—----_ 

Eskimo child, The (Hrdlidka)---— 

Establishment, The—---- 

Ethnology, Bureau of American--- 

Ojllections-——-^ HI” 

Editorial work and publications- - 

niustratlons---—--- * " 


37 

ix 

35 

15 

285 

196 

X 

27 

657 

8 

xiii. 5 
67 
65 
67 


Library- 


Miscellaneoua 
Personnel- 


Report- 

Special researches- 


0? « Tie 


68 

68 

56 

63 

56 

453 




























































































588 


INDEX 


Executive Committee_lx, 130 

Eeport- 130 

Appropriations_ 135 

Audit- 130 

Bequests- 135 

Cash balances, receipts, and disbursements during the fiscal year_ 1S3 

Classification of investments____ 132 

Consol Idated fnrid_^_______ 132 

Freer Gallery of Art fund________ 132 

Smithsonian endowment 130 

Summary___ 132 

Explorations and field work___ 15 

Ezion geher, The excavations of Solomon’s seaport: <Qlueck)___ 453 

P 

Fairchild, D, G,___ xi 

Fenton, William N-liii, 5,16,62,63 

(Contacts between Iroquois herbalism and colonial medicine)__ 503 

Finances___ 9 

Finley, David EL, Director, National Gallery of Art_xU, 37,38, 46,47 

Firestone Expedition, Smithsonian_ 3 ^ 6 , 20 , 27, 81, 82 

Firestone Tire & Hubber Co ____16,81 

Flab and WUdlife Service---- 3 , 1 j 6 , 21,27,28 

Fisher, A* D_ xi 

Forest protection and forest management, The infiuence of Insects on the 

development of (Craighead)__ 367 

Foshag, W, P__^_xi, 12,21,29 

Eraser, James E___ _ _ __ 46 

Frederick, William A_ 37 

EYeeman, H* B_ 110 

Freer Gallery of Art^___ xil, 4 

Attendance_ 53 

Collections_ 51 

Lectures and docent servlce^__ 64 

Personnel_ 54 

Beport-51 

Visitors___ _ _ 54 

Frey, Charles H,. 3d_ 29 

Friedmann, Herbert_______x, 12 

6 

Garber, Paul E_____ _ _ xi 

Gamer, John N._____ _ _ _ _ g 

Gazin, C, Lewis___ ^ 16,30 

GeLttert, Alfred. Jr-^_^____ILrilT-rr__”_’ 37 

General Appendix_ 137 

Genes and the hope of mankind, The (Bliven)_____ 293 

Gifford, Charles L. (regent of the Institution)_____ __ S, 9 

Gtlmore^ Charlea W____ ^ xi 

Glueck. Nelson (The excavations of Solomon’s seaport: Ezlon-geber)^__ ^ 

Graf, John EL, Associate Director, National Museum^ _ x 

Graham, David C_ _ - - 












































































mBEX 


589 


Grant, Wllllain —--- 

Greene, Charles ---- 

Growth hormones In plants (Thimann)- 


Guest, Grace Dunham, Assistant Director, Freer Gallery of Art-^- 


Faea 

T 8 

X 

dm 

xil 


Harrington, John P-^ 

Hawkins, Bussell, Jr—-—~ 

Hawkins, Mrs* Russell, Jr- 

Becker, George T--- 

Henderson, Edward P--- 

Hess, Frank L--- 

Hill. James H., property clerk. 


___ xm,5,m57,68 

____16,21 

____ 16 

r _—_ 37 

___ xi 

_ xl 

_ ix 

"""__xiii, 108 


Hoover, William H--- ™ 

Hopi Snake Dance, Snake bites and the (Stirling)---- ^ 

Hopkins* A, D -—-- 


Hormones In plants. Growth (Thlmann)-—---- 

Hottel, H, C. (Artmclal converters of solar energy) ---- 

HoweU, A. Brazier------'ll” 

Howard, L O.^-----—^ 

Hoyle, Kafael Larco----—---- 

HrdliCka, Ale5--- 

fXhfi Eskimo child)—---—--—--- * ' " 

HngL, Charles Evans, Chief JuaOce of toe United States ^ 

of the Institution)----C" " ' 

Him. Cordell, Secretary of State (member of the InaUtution)-ii. 3^ 


151 

X 

X 

24 

X 

557 


Iceland, land of frost and fire (Etaarsaon)-- - 2® 

Ickes, Harold L., Secretary of the Interior (member of the Institution) — ^ ^ 

Index exhibit--- ^27 

Indian music, The study of (Densmore)-^^-^ 

Insects, The influence of, on the development of forest protection and 

forest management (Craighead)- 

International Exchange Service----- 

Appropri a tion----—— —^ - 

Consignments lost— 


367 

_xlli,2,6 


Depositories of Congressional Record-«- 

Foreign depositories of govemmental documents— 

Foreign exchange agencies- 

Interparliamentary exchange of the official Journal- 

Packages received and sent--- 

Report. 


IroqnoirhertoUs^'and colonial medicine. Contacts between (Fenton)__ 


71 

73 

71 

75 

73 

m 

69 

503 


Jackson. Robert H, Attorney General (member of the Institution)- g 

JannE Macglll. Asslatant Director, National Gallery 

Jenuler, Roy J—- /vf Tifldiation and 


Johnston, Earl 
Organisma- 


A^istant Director, Division of Radiation 


_xlil, 115 






















































590 


INDEX 


Jones, Jesse H,, Secretaiy of Commerce (member of the Institution)_ ii 
Judd, NeU M. _______ ^ 

K 

KeDogg, Remington--- x,3,El 

Eeppel, Frederick P______ 40 

Ketchum, Miriam B_________________ 

KDUii, Ellsworth P____ ^ 

Kline, Gordon M, (Plastics)_______ 225 

Knox, Frank, Secretary of the Navy (member of the Institution)_lx 

Kramer, A _______ 

Kreiger, H. W____” x 

Kress CJoUectlon_ ^ qa 


— — — — - —^i>4/i Ow 

Kreaa, Samael H-111,3,4^38,37,44 


X. 


Lasley, J, W., Jr. (Mathematics and the 

1SS 

Leech, L. O- __ __ 

7fl 

I^hman. F. Carlos 

26 

Leonard, Emery C_ 

t1 

Lewis, C. B_ 

2 fi 

Lewton. Prederlek T* 

xl 

Librarian of the Institution (WUUam H Corhtn) 

lx 

Library_ 

17 

Accessions 

120 

Bindings 

121 

Exchange of pubUcatloiis__ 

_ 117 

Gifts_ 


Library system_ 

^ 

116 

Needs_ 

122 

Other activities_ 

121 

Personnel_ 

___ 110 

Benort_ 

lift 

Statistics _ 

1-- r 

12 ft 

LobeU, M. J 

- ■ AmJ 

Lodge, John EUerton, Director, Freer Gallery of Art 

_xll, 4$, 47, 55 

Logan, G. A^ 

79 

Lovering, T. S—^ ^ 



MacCnrdy, George Grant, 
Maloney, James 


Mann, W. M., Director, National Zoological Par^_ 

Mann, Mrs. WDliam M____J 

Manning, Catherine L_ 

Manship, Paul_ 

Marshall, William B. 


X 

X 


_ X, xili, 16^ 20, 27, 81,107 

-16, 81 

_ xll 

-46i 47 

- xi 

--- 183 

—---46, 47 

Mauerebetger, Herbert H. (^ra7^w"^aJtirtotite"atere)”IIIZI” 211 


Mathematics and the sciences (Lasley)_ 

Mather, Frank Jewett Jr___ 

Matters of general Interest- 












































































































INDEX 


591 


PAKt 

__ li 

Maya hieroglyphs. Decipherment of the Ungolstlc portion of the 

-- "sill 

McAllister. Edward -- " " ^ 

McAtee. -- ~ ^ a? 

McBride, H. A.. Administrator, National Gallery of Art- 

McCandlish, N* --- 

McClellan, George -- - 29 

McKee, Edwin-' ' ii s 

McNnry, Charles L. (regent of the Institntion) 4 ^ 36,43.M 

Mellon, Andrew -- 3 35 36 

Mellon Collection--—--34’os’43 

Mellon Educational and Charitable Trust- - 3 35 36 

Mellon, Paul- * Ix 

Members of the Institatiou-----^ ^ 

Merrlam, C* Hart_-— ^ ___ g 

Miller, Gerrlt S*, Jr—---—--- ' ^ ^ xl, 12 

iDStitutloii)-—^- - —— Ixkft 

Morris, Holaod S. (regent of the Institution)- * ^ 

Morrison, Joseph P- E---- ' ^ 

MorteUlto, Domenleo-- T'TZIZT— xl 

Munsell, Hazel E. (Vitamins and their occnrrence In food)- ^ 

Musslnan, Alfred, bequest^*^-^ - __ 4 47 

Myer, Catherine Walden, fund-——— 


N 


National Broadcasting Co---—— 

National Collection of Fine Arts---— 

Appr oprl a tion—-- 

Bequests- 

Catherine Walden Myer fund- 

Henry Ward Ranger fund—-- 

Loans accepted-^—-- 

Loans to other museums and organizations. 

Loans returned*—.-—----— 

Publications- 

Beference Ubrary——------ 

Beport-- 

Smithsonian Art Commission---- 

Special exhibitions-- 

Withdrawals by owners- 

National Galley of Art-——---- 

Acquisitions- 

Committee —---^— - 


Appropriation 


Attendance- 


Audit of private funds-— 

Commemorative tablet on the erection of the building— 
Completion and occnpatlon of the gallery bnHdlng-- 


Curatorial department 


_9,10 

xii,4 

_ 45 

_ 45 

__ 47 

__ 49 

_ 48 

48 

_ 49 

_ 50 

__ 49 

_ 45 

_ 46 

_ 49 

_ 48 

__x,l,3 

_ 39 

_ 88 

__ 38 

__ 39 

_ 44 

43 

___ 84 

_ ^ 











































































































592 


INDEX 




Library_ _ -. _ _ __ _ __ _ 

t«u fli works of art bj tbi* finiiPfr ' 

loaca of wot Its of art to the GaJJurr__ 

Memorial Dfloete to beaefactoro wf the KatlannrOnllCTT of 
Memorlii] tablet 


OdldalR^_ 

-“ - -- 

OrsunliaHoQ aod staff 

-r -, 

Pbotoffffinblc difoartmeiit 

_ 


DefUcoUoa ceremonJea aod open liig of ilie Gallerr to tbo rntbllc_ 

Mocaaonnl ptognin__ | ^ 

BaemtlTe oonuiUltiK_ „ 

Exhibitions_ o< 

Elximndlttiren sad enemubrancei_ „ 

coaomlttBe - _ _ _^ ' ~ ^ 

12 

41 

40 

4Z 
*U 
3fl 

42 
K> 
34 

41 
4n 
2 

. Ill 

19 

51 
lU 

31 
10 
t 

52 
SI 

Eiiise 
SI 

89 
Tffl 

m 
63 
ST 
SI 

7S 
TO 
IH 

m 

7B 
B« 
SO 

m 
im 
133 


Rspoft,_„__ _ _ _ 

B^wtorution and impairs to worka of __ 

Of emluiiigi? of worka of nrt_ _ ' 

NaHnnat Miwtiin. _ ____ _ _ __ 

AdmlDlatrariTe atair_ "" 

ApiKToprln (1oQ__ _ ___ _ 

Cbojiff^fi La orvunlxAtlon (U3d staff. „ __ 

OoHscHoiia _ _ ^ _ _ ^ _ __ _ 

ExplorailODB Biid fleld wort_ _ _ _ 

PnbilatUoiis nnd prliiynir_._,^_ _ _ 

Iteporl—___ _ 

SciOotLOe stAff__ ~ ~ 

Special Mil Oil m _ __ _^ _ 

VIsItorsL^_____ _ 

NntloaaJ Zoold^col Park_._ ' 

Acccjudons _w_«_^__ 

cFf^___ _~~ 

Animals In tie Zoo Jtine 80,1041_. _ _ 

AKiropa-iacioii___ _ ___ 

Births_ _ __ _"" 

Donors and theJr g^fts___ 

Eitehonges - - -, - _ _ _ 

Fteld wprif- _ __ 

Gifuf__^ 

XiiiI^foTHiientj#^,^,..^^^__ 

Needs of the Zbo-^^_ _ _ 

l^rsoozwl_ _ ___ _ __ 

PU4XhlJ9fllt:___ ” 

RemoTs Is^^ __ ___ __ 

Report.,,____ 

Spertea new tn Qm httioty of the caU^Ho^ 

Btatna of the ceneetloo..,^_ 

TlJtitiWS_‘ 

Kein, M, A _ 

New &imtlc« In the atom. The (X^wreace]' 



































































































































IXD-ES 


593 


Norrlfl, Balpli- 


F«p 

81 


O'BrlDn* Briim-,-— 

Odwr. Fflnl — 

Offlciak tlw Institution— 
Qllw. Uiwfmnce 
Olmated, A. J- 


<11mst«4 Kelcu A., peraouuei ofBeer_ 
OntHtAiidliis ---- 


13 

xU.12fl 
„ li 

iill 
^ xli 

lx 

„ 1 


FalQC. H. G- 


llKlea--. 
pBtocr, TheoJim? B 
Petl, Conaalla Llvlneiftoii, Kawte. 


. . _ xUi, GiG. 128 

xl 

_I-'IS 

Petl, Conaaiim £,jvijieiftoii, - — 177 '^ . w 

Perkin*. rnm« 3 . St«e»ftr 7 oI Lalwr (memltw ot the UnUtiiUoii) - 1 * 

PeilLlii*, J. E -- -- -- ■ ■ “ " _ ^ 

Perry, Stunrt S ---- ' " __ ’ 

PertygD, W. M—-- ” *” " I* 

Pereonnel (Kllwr (Helen A, Olmitesdi -— . . . ^ 

phdr«, H--- _xii, 3 <i S 7 , as 

PlillllttB, Doiicae-- 

PhUllpe. ?!eBiinnry Th«na— -— - - — — ^ 

FtmttcA (lQliie> -—---- --- - '■ ‘ ^ 


PMJdcnt of the TJnllM amies (rTnn^iiu 

PreaJdlti^ i^cer ex offleift (frtcitl!ll lii Kyose^olt, Ftes en 

Udtea atotea)_ — _ - -— - 

Price, Wfttorhmiii & Co-—— 

Property cTOrk {JamM H* Hll]>- 

Ftibllca Ilona —- -- 

Allotm^nta (or printlux-^- 


AiBoriciLn KIsEorlcal AscKlaUon-— 

Dauuhtere of tto Amoricon EeTolfrtlQiL 

ntotribTitloii ----—--- 

Ethnolo^. Bureau of AcMrlcaii—- 

Fre€:r Oflllerr of AiL- 


tr 

44 

it 

Vt 

m 

128 


***^-^.,- - 

f^^attoiiol CoUmBou of Fltifr Arts—- - 

NaBauUl Musenm—---- ' 

AnnTial E^rt-— -- -- —“ 

BuUoHiui— ---- - -‘ 

Ointrlbwlloiw trein th* IT. S. Netlnnal Uetlwrloio- 
Pro«odln^„^.,—-——— 

8mlthBODl on-------- ” 

Annoiil RoportH™^^ —- 

MiHCflllati€oiiii Col tectiona—^ ^ - — --- 

^pcclflj publlcatloni.,———- - - - 

P* W. ---------- 



__ 124 

„ 123 

„ 125 





















































































































594 


INDEX 


Radlatloii and Organisms, Division of- 
Unancial support_ 


Influence of cnltural conditions on tbe growth of algae_! 

rofiuence of light In early growth of grass seedlings^ 

Influence of radiation on respiration__ 

Papers presented at meetings___ 

Personnel_ 

Publications_ 

fieport_ 

Badlo program-^__ 

Ranger, Henry Ward, fond. 

Ratbbun, Mary J_ 

Rawley, W, N_ 


Reberholt, Bertel Q_ 

Redfleld, Kdward W__ 

Reed, Alexander R_ 

Regents, The Board of^_ 

Members_ 

Proceedings___ 

Rehder, Harald A _ 

Reid, E. D-,_. ” 

Renfro, Mrs. X H-__ _ _ 

Resser, Charles E_ 

Rice, Arthnr P_^__ 

Riley, X H-____ 


Roberts, Frank H. H,, Jr_ 

Rodriguez, Javenal Valerio__ 

Roebling f nnd ____ 

Eohwer, S, A-_ 



- xUi.2,5,10,58,5fl,6O 

- 25 

—- 21 

X 


United StTt^’cPr^iding ^’cer 

offldo and m^ber of the Institution)___ 35 

- 28 


Rosson, Elizabeth W- 


Rublano, Alejandro-^__ 

Enssell, X Townsend_ 


- X 


Schaller, W. T— 
Behans, WiUIam- 


S 


Schmitt, Waldo_ 

Schultz, Leonhard P_ 


Schwartz, Benjamin, 


- xi 

- X 

__ 1,3,10,20,27 
- 1,28 


Science and human prospects (Black welder 
Mence In the electrical Industry. The role of (SmiS)' 
Science shaping American culture (Compton) 

Scientific staff- 


Searle, Harriet Richardson. 


^retary of,^rlculture (Claude R Wickard, member of the Institution) 
Srere^ of Commerce (Jesse H. Jones, member of the InsOtntlon)- 

^ Institution)- 

etary of Labor (Frances Perkins, member of the Institution)—_ 

etery of the Navy (Frank Knox, member of the Inatitntion)_ 

Secretary of the SmlthBoalan Inatitntion (Ghaxl^ G. Abbot)_xll, 38, 37 


m 

199 

175 

X 

X 

lx 

lx 

lx 

lx 

lx 
























































































INDEX 


595 


Page 

Secretary of State (Cordell Hull* member of tbe lastitatiaii)-xil. 36, 37 

Secretary of tbe Treasury (Henry Morgentlian, Jr., member of tbe Insti- 

tTitlon--- 

Secretary of War (Henry U Stimson, member of the Institution)--.- lx 

Setzler, Frank M-----------x, 12 

Seymour, Charles, Jr———---— 

Shamel, H. Harold-------- 

Shepard, Donald D., Secretary-Treasurer and General Counsel, National 

Gallery of Art---— --—-——-xlh35,37 

Shoemaker, Clarence H---—-------— ^ 

Shoemaker, Coates W., Chief Clerk, International Exchange Service—^—_ xili, 77 
_-_ _ _ -- lOS 


37 

X 


Simpson, 

Sinclair, Charles C- 

Smith, Hobart -— 

Smith, Mrs. Hobart M-.^— 
Smith, Hugh M- 


______ U, 16, 20,2S 

___ 16 

_ xi 

Smith, M. W. (The role of science in the electrical mdnstry) --— 

Smithsonian Art Commission- 


46 


Smitlisoiiian-Flrestone Expedition^ 


____ 3,6,20,27,81,82 

_ 1.12 

__ 501 

__ 151 

_ 453 

__ xi 

_ix, 2, 8 


_ x,12 

xi 


Smithsonian main hall exbibit-^^-^—- — ^—-- 

Snake bites and the Hopl Snake Dance (Stirling) —— - 

Solar energy, Artificial converters of (Hottel).— — ——- 

Solomonseaport: Exion-geber, The excavations of (Glueck) 

Stanton, T. W—- — --- -—--- - 

Steams, Foster (regent of the Institution) - — - - 

Stejneger, Leonhard—- 

Stevenson, John A----- -- —- - 

Steward, Julian H---—-- - --—- - 

Stewart, T. Dale---—-- - - 

Stirling, Matthew W., Chief, Bureau of American Ethnology - xiii, 2, 5,56,68 

(Snake bites and the Hopi Snake Dance)-- 551 

Stone, Harlan F. (Chief Justice of the United States) -- --- 37 

Strong, Julia D., Estate——--- - - 

_ 527 

2 

xiil, 5,57 

„ xi 

_ 211 


5,16,60,61 
_x, 18,23,24 


Study of Indian music. The (Densmore).^—---— 

Summary of the year’s activities of the branches of the InstltutiOD, 

Swanton, John B—-- 

Swingle, W* T..--------- 

Synthetic textile fibers, The new (Mauereberger)- 


T 

Taylor, E. H---—-^——-* 

Taylor, Frank A--- - - 

Taylor, Walter W., Jr----—- — 

Tello, jmio C—-- ————. 

TMmann, Kenneth T. (Growth hormones in plants)- 

Tolman, E. P., Acting Director, National Collection of Fine Arts-, 
Treasurer of the Institution (Nicholas W. Dorsey)- - — 

Trembly, R. H--- 

True, Webster P., Chief, editorial division- 

U 

Ulrich, E. - - 

United States Office of Education - 

Useful algae (Chase)- —^——---- ^ 

430577—42-30 


_ 12 

__ xi 

_X, 25 

_ 24 

393 

xll, 45, 46, 50 

__ Ix 

__xil 

ix,12,129 

_ xt 

__- 9 

_ 401 








































































590 


rKDBX 


. Fi4* 

Vouglias. T. VVajluiMt,._________ _ 

Vic* Prexideot <»f th* United Sintc* (Uettrr A* W*llac#t memUer of 

IcLyULaiioa)____ _ ___ti 

TltttiDiii« liud tlicU ocmrr^ntQ Iq rooO# E MuijtffiiO________^_23W 


fl 

. Ills 


w 

CtiftrJtti D. nod M^jsy Va™, Rc^i^b Paod_ _ 

Wiilcflitt, Mm. Mur; Tani^ ____ 

Wrt^k^^r, Eglwrt H______ ___ _ 

Erce^t ABKEatant Director. NaUvnil Park_ 

(CflreofctijjUv# _________ 

Walker, JohD. CbJef Caratnr, Natlnuat Oallerj &f Art_^______ iH R7 

Wallsi?e^ Henry A,, Vice Preflldpnt 6 l tlie UnUed Btatfl^ (memtK^r and regent 

of tbe infitituUqu]i^___________ii*g;,a 

Walter Ratlibene Bacon ReheUriihtp_____SO. ^ 

Wniklpa. WTlIEnai N _ ___ "" ” ‘ ' ‘ | 

W*b. Jflhn 3 ______ _ 27 

Wix-kJeip J, E., yt-, __ _ _ I. ™__ _ 3 

WwitfJ. Waldo B___-■ _ 

Wenley, Arahtbald Q_— . __ ^ 

Wetfiaore, Alesfdnder, Aarijctant Secretary of the lantUation (ta chaw of 
the Wadocal MascumS------la, afl, 33 

lU 

Ill 


What lies hatween the atom (Adanm; 
WhUebreadn ChnrlcH^_____ 


Whorf, BoTiJamiu Ltia (I>«^ipherta^i of the UngotiUc porlloa of tho Muya 
hivrojlyphB).____ ___ __ _ _ 

W Icloird^ Claude B., Secretary of AgrUniltTira (meiph^r of the loaLttutloa) It 
W ldeofiT, Joaeph B ___ _ ___ _ ill Sft, 33 

WlUoiislihy, ^rarlou f ______"r" _ " _ _ _ ' il 

WllaoD, Chariee Brtiiieh___^_____ _ __ i 

WJngB for tranapurtatjon. (Recent tleTclopinents in air tmELffportotlcD 

eqnliHn^nt) (Writhe)_ _ _ _ ^ 

Wood^ CftM^y A ________ _ I 

Woodhoy^e, Saiooel W __ _ _ _ i 

__ 2,S; lD,n 
__ <1,78 
„ 833 


iVorld Ifl ^dura. The (radio ptoitraia)_ __ 

W. P. A. ._„^__ . __ 

WrlghT, Theodyre p. (Wlni^ fdr tr&naportntlon) 


TrtdgtTp WHhflm 
Tduiig, Maikvnrt M- 


130 

40 


Z4hK0L>r+ 


—__ 3T 


O 








































































I 


V 







^ CE>^ 0 UL ARCa\EOLOGlCAL LIBRARY 
j NEW DELHI I 



-- 

:logUC No. 061 S 3 / ^ „ 


■‘^ th^caitin Iqs 





f 





I 


f 
















\ 




i 


I 


